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(54) NOVEL METHOD FOR MANUFACTURING TRICYCLIC AMINO ALCOHOL DERIVATIVES 



(57) The present invention is directed to processes for the preparation of a compound useful for treating and pre- 
venting diabetes, obesity, hyperiipidemia and the like, which compound is represented by the formula (1) : 



OH H 

\ i 




wherein R 1 represents a lower alkyl group or a benzyl group; *1 represents an asymmetric carbon atom; R 2 represents 
a hydrogen atom, a halogen atom or a hydroxyl group; and A represents one of the following groups: 




wherein X represents NH, O or S; R 6 represents a hydrogen atom, a hydroxyl group, an amino group or an acetylamino 
group; and *2 represents an asymmetric carbon atom when R 6 is not a hydrogen atom, and to intermediates useful 
for the said processes. The processes of the present invention are convenient, practical preparing processes with low 
cost which comprise a small number of steps with good industrial work efficiency. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a novel process for the preparation of tricyclic amino-alcohol derivatives or 
salts thereof which are useful for treating and preventing diabetes, obesity, hyperiipidemia and the like and have the 
formula (1): 



OH H 



15 




20 wherein 

f 

R 1 represents a lower alky! group or a benzyl group; 
*1 represents an asymmetric carbon atom; 

R 2 represents a hydrogen atom, a halogen atom or a hydroxy! group; and 
25 a represents one of the following groups: 



xxxf- xx&" 



wherein X represents NH, O or S; R 6 represents a hydrogen atom, a hydroxyl group, an amino group or an 
acetylamino group; and *2 represents an asymmetric carbon atom when R 6 is not a hydrogen atom. This invention 
also relates to intermediates useful for the preparing process. 



BACKGROUND OF THE INVENTION 

[0002] JP-A-9-249623 (WO 97/25311) and WO 99/01431 describe in detail processes for the preparation of the 
compounds of the above-mentioned general formula (1) and also describe that these compounds are very useful for 
treating and preventing diabetes, obesity, hyperiipidemia and the like. 



45 PROBLEMS TO BE SOLVED 



[0003] However, the study of the above known processes carried out by the present inventors showed that the said 
processes were not necessarily a practical process. There has been a need for a convenient, practical preparing 
process with low cost which comprises a small number of steps with good industrial work efficiency. 
50 • 

MEANS TO SOLVE THE PROBLEMS 



[0004] The study carried out by the present inventors showed some disadvantages involved in the conventional 
processes for preparing a compound of the formula (1) set forth above, wherein the disadvantages were that the 
processes required many reaction steps and several purifying works such as chromatography, and did not necessarily 
provide a good yield. In addition, if an optical isomer, such as R-form of a compound of the formula (I) is to be finally 
obtained according to the synthesizing route disclosed in the above patent publications, the carbonyl group is reduced 
with borane as a reducing agent in the presence of a chiral auxiliary agent represented by the following general formula 



2 
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(15): 




Me 



Me 



05) 



This chiral auxiliary agent is very expensive and the process forthe preparation thereof is very complicated. Moreover, 
the chiral auxiliary agent is a hazardous combustible substance and an asymmetric reduction using the said chiral 
auxiliary agent requires strictly anhydrous conditions, strict temperature controls, complicated works and the like, which 
will become problematic when the chiral auxiliary agent is industrially used. 

[0005] In order to solve the above problems, the present inventors examined a variety of synthesizing processes. 
As a result, the present inventors have established preferred synthesizing processes succesfully and completed the 
present invention. 

[0006] That is, the aspect of the first synthesizing route of the present invention is a process for the preparation of 
a compound of the formula (1): 



wherein R 1 represents a lower alkyl group or a benzyl group; R 2 represents a hydrogen atom, a halogen atom or a 
hydroxyl group; *1 represents an asymmetric carbon atom; and A represents one of the following groups: 



wherein X represents NH, O or S; R 6 represents a hydrogen atom, a hydroxyl group, an amino group or an acetylamino 
group; and *2 represents an asymmetric carbon atom when R 6 is not a hydrogen atom, 
which comprises the following steps (a) to (c): 




NHSQ 2 R 




(a) 



i ) reacting a compound of the formula (4): 



O 
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wherein R 1 is as defined above; R 21 represents a hydrogen atom, a halogen atom, a hydroxyl group or a 
protected hydroxyl group; R 3 represents an amino-protecting group or a hydrogen atom, with a compound of 
the formula (12): 



H 



A' 



(12) 



10 



15 



20 



25 



wherein R 4 represents an amino-protecting group or a hydrogen atom; and A* represents one of the following 
groups: 



>61 



,61 



XXGT. XXj& 



wherein X represents NH, O or S; R 61 represents a hydrogen atom, a protected hydroxyl group, a protected 
amino group or an acetylamino group; and *2 represents an asymmetric carbon atom when R 61 is not a hy- 
drogen atom, to give a compound of the formula (3): 



30 




(3) 



i3x .NS0 2 R 1 



35 



wherein R 1 , R 21 R 3 R 4 and A' are as defined above; or 

ii) coupling a compound of the formula (4) with a compound of the formula (14): 



40 



H 



OH 



(14) 



45 



wherein R 4 is as defined above, to give a compound of the formula (6): 



50 



55 




(6) 



|3 „NS0 2 R 1 



wherein R 1 , R 21 R 3 and R 4 are as defined above; or. 



4 
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Hi) further converting the primary hydroxyl group of the compound of the formula (6) into a leaving group B 3 
to give a compound of the formula (5): 




wherein R 1 , R 21 R 3 and R 4 are as defined above, and B 3 represents a leaving group; or 

iv) further reacting the resulting compound of the formula (5) with a compound represented by A' -OH wherein 

A* is as defined above to give a compound of the formula (3); 

(b) then reducing the resulting compound of any one of the formulae (3), (5) and (6) to give a compound of the 
formula (2) as follows: 

i) reducing the compound of the formula (3) to give an amino-alcohol of the formula (2): 




wherein R 1 , R 21 , R 3 R 4 and A' are as defined above, and *1 represents an asymmetric carbon atom; or 
ii) reducing the compound of the formula (5) to give a compound of the formula (7): 




wherein R 1 , R 21 , R 3 R 4 and B 3 are as defined above, and *1 represents an asymmetric carbon atom, or 
iii) reducing the compound of the formula (6) to give a compound of the formula (8): 
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OH R 4 

I l 



OH 



R 21 



(8) 



wherein R 1 , R 21 , R 3 and R 4 are as defined above, and *1 represents an asymmetric carbon atom, and converting 
the primary hydroxyl group of the resulting compound of the formula (8) into a leaving group B 3 to give a compound 
of the formula (7), then reacting the compound of the formula (7) obtained by either step as set forth above with 
a compound represented by A' -OH wherein A' is as defined above to give an amino-alcohol of the formula (2); and 
(c) simultaneously or sequentially removing the protecting groups of the compound of the formula (2) obtained by 
any one of processes as set forth above to give a compound of the formula (1). 

[0007] The aspect of the first synthesizing route of the present invention is a process for the preparation of a com- 
pound of the above-mentioned general formula (1), which comprises the following steps (a) to (c): 

(a) reacting a compound of the formula (4): 



wherein R 1 is as defined above; R 21 represents a hydrogen atom, a halogen atom, a hydroxyl group or a protected 
hydroxyl group; R 3 represents an amino-protecting group or a hydrogen atom, with a compound of the formula (12): 



wherein R 4 represents an amino-protecting group or a hydrogen atom; and A* represents one of the following 
groups: 



wherein X represents NH, O or S; R 61 represents a hydrogen atom, a protected hydroxyl group, a protected amino 
group or an acetylamino group; and *2 represents an asymmetric carbon atom when R 61 is not a hydrogen atom, 
to give a compound of the formula (3): 




r3 „NS0 2 R 




(12) 




6 
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10 



15 



20 



35 



50 



55 




(3) 

wherein R 1 , R 21 , R 3 R 4 and A" are as defined above; 

(b) reducing the resulting compound of the formula (3) to give an amino-alcohol of the formula (2): 




(2) 



pa.NSOzR 1 



wherein R\ R 21 , R 3 R 4 and A' are as defined above, and *1 represents an asymmetric carbon atom; and 
25 (c) simultaneously or sequentially removing the protecting groups to give a compound of the formula (I). 

[0008] In the aspect of the first synthesizing route set forth above, a compound represented by the formula (3) is the 
first preferred intermediate which is a novel compound and is relatively good in crystallinity. The said compound does 
not necessarily need a column chromatography purifying step and may be used in the following react.on step after 
30 being subjected to a recrystallizing treatment and the like. 

[0009] Specific examples of a compound represented by the formula (3) include: 

2-[N-benzyl-N-[2-(9H-carbazol-2-yloxy)]ethyl] amino-1-(3-methylsulfonylamino)phenylethanone; 
2-[N-benzyl-N-[2-(9H-carbazol-2-yloxy)]ethyl]amino-1-[3-(N-benzyl-N-methylsulfonylamino)]phenylethanone; 
2-[N-benzyl-N-t2-(9H-carbazol-2-yloxy)]ethyl]amino-1-(4-benzyloxy-3-methylsulfonylamino)phenylethanone; 
2-[N-benzyl-N-[2-(9H-carbazol-2-yloxy)] ethyl] amino-1 -[4-benzyloxy-3-(N-benzyl-N-methylsulfonylamino)]phe- 

nylethanone; . v . . u 

2-[N-benzyl-N-[2-(9H-carbazol-2-yloxy)]ethyl]amino-1 -(4..chloro-3-methylsulfonylamino)phenylethanone, 
2-[N-benzyl-N-[2-(9H-carbazol-2-yloxy)]ethyl]amino-1 -[4-chloro-3-(N-benzyl-N-methylsulfonylam.no)]phenyleth- 



40 anone; 



anon©* 

2-[N-benzyl-N-[2-(9H-carbazol-2-yloxy)]ethyl]amino-1-(4-bromo-3-methylsulfonylamino)phenylethanone; 
2-[N-benzyl-N-[2-(9H-carbazol-2-yloxy)]ethyl]amino-1-[4-bromo-3-(N-benzyl-N-methylsulfonylamino)]phenyleth- 

anone* 

2-[N-benzyl-N-[2-(6-benzyloxy-9H-carbazol-2-yloxy)]ethyl]amino-1-[3-(N-benzyl-N-methylsulfonylamino)]phe- 
2^-b^ 

nylamino)]phenylethanone; and 

2-tN-benzyl-N-[2-(6-benzyloxy-9H-carbazol-2-yloxy)]ethyl]amino-1-(4-chloro-3-methylsulfonylam.no)phenyleth- 

anone. 



[0010] The said examples also include: 

2-[N-benzyl-N-[2-(dibenzothiophene-3-yloxy)]ethyl]amino-1-(4-benzyloxy-3-methylsulfonylamino)phenyleth- 

^"benz^-^dibenzothiophen 
phenylethanone. 

[001 1 ] In the steps set forth above, the step in which a compound of the formula (3) is reduced to give a compound 



7 
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of the formula (2) is a particularly characteristic of the present process 

ETJSlh ! n h additi ° n ' Whe " ° ne ° f the ° ptical isomers of a impound of the formula (1) is to be obtained in the steps 
^M^f^T!^^ f ° rmUla (3) iS Pr6ferably ^^rica.ly reduced In this cas ^ both o a amino 
T^^^^^^^ CO are obtained as one of their optica, isomers, respective.; 

[001 3] Further, in the steps set forth above, the step in which a compound of the formula (4) is reacted with a com 

[00141 Th e e I™* 22 10 ^ r°T Und ° f f ° rmUla (3) iS 3180 chara « of present JST 
rnmnl, ml f fh k S6C ° nd s y nthesizin S ™* °' the present invention is a process for the preparation of a 

compound of the above-mentioned general formula (1 ), which comprises the following steps preparat,on of a 



reacting a compound of the formula (4) with a compound of the formula (14): 




(14) 



wherein Ft* j S as defined above, to give a compound of the formula (6): 




OH 



(6) 



wherein R\ R21, R 3 and R4 are as defjned abQve; and 

SX^^STt^!^ 9 « r 3° t UP (the Prmary hydr ° Xyl 9r0Up) ° f the side - chain ° f th * impound of 
tne formula (6) into a leaving group to give a compound of the formula (5): 




}3 ,NS0 2 R 1 



(5) 



wherein Ri. R*. R3 and R* are as defined above, and B 3 represents a leaving group; and reacting the com- 
ZZZ"^: r C ° mP0Und ™ ^ A " OH — * * - 5— — 9 to e g- °e m a 

z ^r^K a r mpound r — d by a - oh ~ * — 

then the compound of the formula (3), obtained by either step set forth above is subjected to th* c 0 n„ 0 „, ia i 

iiiT tziitJ^T ove to H 9ive a compound ° f the ,ormu,a (i) via • x sequent,ai 

n C , ,h n IT ? 1 S6C0nd synthesizin 9 route set f orth above, a compound represented by the formula (18) 
including the formulae (6) and (5), is the second preferred intermediate which is a novel compound The sai^om^und 
does not necessanly need a column chromatography purifying step and may be used in L MkS^SS^ 
after being subjected to a recrystallizing treatment and the like. Allowing reaction step 

[001 6] Specific examples of a compound represented by the formula (6) include: 



8 
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2-[N-benzyl-N-(2-hydroxyethyl)]amm^^ 

2-[N-benzyl-N-(2-hydroxyethyl)] amino-1-[4-benzyloxy-3"(N-benzyl-N-methylsulfonylamino)]phenylethanone; 
2-[N-benzyl-N-(2-hydroxyethyl)]am and 
2-[N-benzyl-N-(2-hydroxyethyl)]amino-1-[4-brom 

5 

[0017] Further, examples of a compound represented by the formula (5) include: 

2-[N-benzyl-N-(2-bromoethyl)]amino-1-[3-(N-benzyl-N-methylsulfonylamino)]phenylethanone; 

2-[N-benzyl-N-(2-bromoethyl)]am^ 

10 2-[N-benzyl-N-(2-bromoethyl)te^^ and 

2-[N-benzyl-N-(2-bromoethyl)]amino-1-[4-bromo-3-(N-benzyl-N-methylsulfonylamino)]phenylethanone. 

[0018] In the steps set forth above, the step in which a compound of the formula (4) is reacted with a compound of 
the formula (14) to give a compound of the formula (6) is also characteristic of the present process. 
is [0019] In the steps set forth above, the step in which a compound of the formula (6) is react with a compound rep- 
resented by A*-OH according to Mitsunobu reaction to give a compound of the formula (3) is also characteristic of the 
present process. 

[0020] The aspect of the third synthesizing route of the present invention is a process for the preparation of a com- 
pound of the above-mentioned general formula (1), which comprises the following steps: 

20 

reducing a compound of the formula (5) to give a compound of the formula (7): 




wherein R 1 , R 21 ,R 3 R 4 B 3 and *1 are as defined above, which is then condensed with a compound represented by 
A'-OH to give an amino-alcohol of the formula (2). The amino-alcohol is subjected to the same reactions with those as 

35 set forth above to give a compound of the formula (t ). 

[0021] In this synthesizing route, the reduction of a compound of the formula (5) can be carried out by asymmetrically 
reducing method to give one of the optical isomers of a compound of the formula (7), which can be then subjected to 
the following steps to give one of the optical isomers of each compound of the formulae (2) and (1). These steps are 
characteristic of the present process. 

40 [0022] In the aspect of the third synthesizing route set forth above, a compound of the formula (7), which is included 
within the formula (19), is novel and is the third preferred intermediate. The compound does not necessarily need a 
column chromatography purifying step and may be used in the following reaction step after being subjected to a re- 
crystallizing treatment and the like. 

[0023] Specific examples of a compound represented by the formula (7) include: 

45 

2-[N-benzyl-N-(2-bromoethyl)]amino-1-[3-(N-benzyl-N-methylsulfonylamino)]phenylethanol; 
2-[N-benzyl-N-(2-bromoethyl)]amino-1-[4-chloro-3-(N-benzyl-N-methylsulfonylamino)]phenyleth 
2-[N-benzyl-N-(2-bromoethyl)]amino-1-[4-bromo-3-(N-benzyl-N-methylsulfonylamino)]phenylethanol; and 

2-[N-benzyl-N-(2-bromoethyl)]am^ 

so 

[0024] The aspect of the fourth synthesizing route of the present invention is a process for the preparation of a 
compound of the above-mentioned general formula (1), which comprises the following steps : 

reducing a compound of the formula (6) to give a compound of the formula (8): 



i 
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OH R 4 




j3x NS0 2 R 1 



OH 

(8) 



wherein R1, R21, R3 R 4 and M are as defined above; 

(i) converting the terminal hydroxy! group of the side-chain of the compound of the formula (8) into a leaving 
group B J to give a compound of the above-mentioned general formula (7), which was then condensed with a 
compound represented by A'-OH to give a compound of the formula (2); or 

(ii) reacting a compound of the formula (8) with a compound represented by A'-OH according to Mitsunobu 
reaction to give a compound of the formula (2); and 

subjecting the compound of the formula (2) , obtained by either step, to deprotecting treatment as set forth above 
to give the compound of the formula (I). 

[0025] In this synthesizing route, the reduction of a compound of the formula (6) can be carried out by asymmetrically 
reducing method to give one of the optical isomers of a compound of the formula (8), which can be then subjected to 
the following steps to give one of the optical isomers of each compound of the formulae (7), (2) and (1). These steps 
are characteristic of the present process. www k 

[0 1 26 L ' n , the a , SpeCt of thefourtn synthesizing route setforth above, a compound of the formula (8) , which is included 
wrthm the formula (19), is novel and is the third preferred intermediate. The compound does not necessarily need a 
column chromatography purifying step and may be used in the following reaction step after being subjected to a re- 
crystalhzing treatment and the like. 

[0027J Specific examples of a compound represented by the formula (8) include: 

2-[N-benzyl-N-(2-hydroxyethyl)]amino-1-[3-(N-benzyl-N-methylsulfonylamino)]phenylethanol- 
2-[N-benzyl-N-(2-hydroxyethyl)]amino-1-[4-benzyloxy-3-(N-benzyl-N-methylsulfonylamino)]phenylethanol- 
2- N-benzyl-N-(2-hydroxyethyl)]amino-1-[4-chloro-3-(N-benzyl-N-methylsulfonylamino)]phenylethanol; and 
2-[N-benzyl-N-(2-hydroxyethyl)]amino-1-[4-bromo-3-(N-benzyl-N-methylsulfonylamino)]phenylethanol. 

[0028] In the aspect of the fourth synthesizing route set forth above, the step in which a compound of the formula 
8 is react with a compound represented by A'-OH according to Mitsunobu reaction to give a compound of the formula 
(2) is characteristic of the present process and is preferred. 

[0029] Furthermore, the aspect of the fifth synthesizing route of the present invention is a process for the preparation 
of a compound of the above-mentioned general formula (1), which comprises the following steps . 

condensing a compound of the formula (4) with a compound of the formula (13): 

,NH 2 -HB 2 (13) 
wherein and B* may be the same or different and represent a halogen atom, to give a compound of the formula 
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r3 ^NS0 2 R 1 



(11) 



wherein R 1 , R 21 , R 3 and B 1 are as defined above; 

reducing the compound of the formula (11) to give a compound of the formula (10): 




R 3^NSO z R 



1 



B 1 



(10) 



wherein R 1 , R 21 , R 3 B 1 and *1 are as defined above, and 

protecting the amino group of which is then protected with an amino-protecting group R 5 , followed by condensing 
the compound with a compound represented by A'-OH to give a compound of the formula (9): 



simultaneously or sequentially removing the protecting groups to give a compound of the formula (1). 
[0030] In this synthesizing route, the reduction of a compound of the formula (11) can be carried out by asymmetrically 
reducing method to give one of the optical isomers of a compound of the formula (10), which can be then subjected 
to the following steps to give one of the optical isomers of each compound of the formulae (9) and (1). These steps 
are characteristic of the present process. 

[0031] In the aspect of the fifth synthesizing route set forth above, a compound of the formula (11), which is included 
within the formula (18), and a compound of the formula (10), which is included within the formula (19), are novel and 
are the forth and fifth preferred intermediates. The compounds do not necessarily need a column chromatography 
purifying step and may be used in the following reaction step after being subjected to a recrystallizing treatment and 
the like. 

PREFERRED EMBODIMENT OF THE INVENTION 

[0032] As used herein, "halogen atom" includes fluorine, chlorine, bromine and iodine, and among them, chlorine, 

bromine or iodine atom is generally preferred. Chlorine and bromine are particularly preferred. 

[0033] R 21 and R 2 may be a hydrogen atom, a halogen atom or a hydroxyl group (R 21 may also be a protected 

hydroxyl group), with hydrogen being particularly preferred. A halogen atom is also preferred as R 21 and R 2 The 

halogen atom may be fluorine, chlorine or bromine, with chlorine and bromine being particularly preferred. 

[0034] The leaving groups B 1 and B 3 may be, for example, a halogen atom or a substituted sulfonyloxy group. The 




wherein R 1 , R 21 , R 3 A' and *1 are as defined above, 



and R 5 represents an amino-protecting group; and 
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halogen atom includes chlorine, bromine and iodine. The substituted sulfonyloxy group includes methanesulfonyloxy 
p-toluenesulfonyloxy and trifluoromethane-sulfonyloxy and the like. 

[0035] B2 is a halogen atom, with chlorine, bromine and iodine being generally preferred. Chlorine and bromine are 
particularly preferred. 

[0036] The term "lower alkyl" means a straight or branched saturated hydrocarbon containing 1 to 6 carbon atoms 
and may be preferably a straight or branched alkyl group, such as methyl, ethyl, n-propyl, i-propyl, n-butyl i-butyl sec- 
butyl, tertbutyl, pentyl and hexyl, or a cycloalkyl group such as cyclopropyl, cyclobutyl. cyclopentyl and cyclohexvl 
Methyl is particularly preferred. * ' 

[0037] R1 may be preferably the lower alkyl group as set forth above, with methyl being particularly preferred A 
benzyl group may be also preferred as R1. 

[0038] R3 and R4 may be a hydrogen atom and are preferably an amino-protecting group. Examples of the amino- 
protecting group include, for example, an acyl group, an acyloxy group and an easily removable aralkyl group The 
easily removable aralkyl group may be benzyl, substituted benzyl, naphthyl or substituted naphthyl and the like with 
benzyl being particularly preferred. The aralkyl group to be used may be, for example, an aralkyl group containing 7 
to 1 6 carbon atoms. Specific examples thereof include benzyl, phenethyl, 3-phenylpropyl, 4-phenylbutyl, (1 -naphthyl) 
methyl, 2-(1-naphthyl)ethyl and 2-(2-naphthyl)ethyl, wherein the phenyl or naphthyl moiety may have suitable substit- 
uents such as alkyl group, alkoxy group and halogen atom on suitable positions. 

[0039] The amino-protecting group R5 may be, for example, an easily removable acyl or acyloxy group. The acyl or 
acyloxy group may be, for example, acetyl, haloacetyl, benzoyl, substituted benzoyl, tert-butoxycarbonyl, benzyloxy- 
carbonyl or 9-fluorenylmethoxycarbonyl, with tert-butoxycarbonyl being particularly preferred 
[0040] R61 and R6 in A" and A may be a hydrogen atom, a hydroxy! group (in case of R«, a protected hydroxyl group) 
an am.no group (in case of R6i, a protected amino group) or an acetylamino group, with hydrogen being particularly) 
preferred. In addition, a hydroxyl group (in case of R« , a protected hydroxyl group) may be also preferred. '2 represents 
an asymmetric carbon atom and a compound containing *2 may be an optically active or racemic compound 
[0041] A carbazole group is particularly preferred as A. 

[0042] Each compound of the formulae (1), (2), (7), (8), (9) and (10), in which formulae *1 means an asymmetric 
carbon atom, can be in the form of two optical isomers. Therefore, not only optically pure isomers of the said compounds 
but also a mixture of any two isomers are encompassed in the present invention. From the viewpoint of pharmacological 
activity, a preferred configuration of the asymmetric carbon may be the absolute configuration R. 
[0043] The hydroxyl-protecting group is not limited as long as it is commonly used as a hydroxyl-protecting group 
Preferred examples of easily and selectively removable protecting group generally include, for example, a trialkylsilyl 
group, an alkoxyalkyl group and an acyl group. These hydroxyl-protecting groups can be introduced and removed by 
a known method indicated in literatures (for example, T. W. Greene, P. G. M. Wuts, et al., Protective Groups in Orga nic 
Synthesis , WHey-lnterscience Publication). For example, a tert-butyldimethylsilyl group (TBDMS) may be introduced 
into the alcohol by treating the alcohol with a sililating agent such as tert-butyldimethylchlorosilane or tert-butyldimeth- 
ylsilyl tnfluoromethanesulfonate in the presence of an acid scavenger. The amount of the sililating agent to be added 
may be generally about 1 .0 to 1 .5 mol for 1 mol of the alcohol. Generally, this reaction is preferably carried out in an 
inert med.um. The inert medium may be, for example, dichloromethane, tetrahydrofuran, acetonitrile or pyridine The 
inert medium may be preferably N,N-dimethylformamide. The amount of the inert medium to be used may be about 1 
to 5 mL for 1 g of the alcohol. The acid scavenger may be triethylamine, N,N-diisopropylethylamine pyridine N N- 
dimethylaminopyridine and the like. The acid scavenger may be, for example, preferably imidazole. The amount of the 
acid scavenger to be added may be generally about 1 to 3 mol for 1 mol of the alcohol. Generally, this reaction is 
preferably carried out at a temperature of about -20 to 80°C, particularly about 0°C to room temperature for example 
for 1 to 5 hours. 

[0044] A benzyloxymethyl group (BOM) may be introduced into the alcohol by treating the alcohol with chloromethyl 
benzyl ether in the presence of an acid scavenger. The amount of chloromethyl benzyl ether to be added may be 
generally about 1 .0 to 1.5 mol for 1 mol of the alcohol. Generally, this reaction is preferably carried out in an inert 
medium. The inert medium may be tetrahydrofuran , acetonitrile, N ,N-dimethylformamide and the like. The inert medium 
may be preferably dichloromethane. The amount of the inert medium to be used may be about 1 to 5 mL for 1 g of the 
alcohol. The acid scavenger may be. for example, triethylamine, pyridine or N,N-dimethylaminopyridine. The acid scav- 
enger may be preferably N,N-diisopropylethylamine. The amount of the acid scavengerto be added may be generally 
about 1 to 3 mol for 1 mol of the alcohol. Generally, this reaction is preferably carried out at a temperature of about 
-20 to 80°C, particularly about 0°C to room temperature, for example, for 1 to 5 hours. 

[0045] In addition, an acetyl group (Ac) may be introduced into the alcohol by treating the alcohol with an acetylating 
agent such as acetic anhydride, acetyl chloride and the like in the presence of an acid scavenger The amount of the 
acetylating agent to be added may be generally about 1 to 3 mol for 1 mol of the alcohol. Generally, this reaction is 
preferably carried out in an inert medium. The inert solvent may be , for example, preferably tetrahydrofuran ace- 
tonitrile, dichloromethane or pyridine. The amount of the inert medium to be used may be about 1 to 5 mL for 1 g of 
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the alcohol. The acid scavenger may be, for example, preferably triethylamine, N,N-diisopropylethylamine, pyridine or 
N,N-dimethylaminopyridine. The amount of the acid scavenger to be added may be generally about 1 to 3 mol for 1 
mol of the alcohol. Generally, this reaction is preferably carried out at a temperature of about -20 to 80°C, particularly 
about 0°C to room temperature, for example, for 1 to 5 hours. 

5 [0046] The hydroxyl-protecting group can be removed as follows. For example, a tert-butyldimethylsilyl group may 
be removed by treating a tert-butyldimethylsilyl ether with tetrabutylammonium fluoride. The amount of tetrabutylam- 
monium fluoride to be added may be generally about 1 to 3 mol for 1 mol of the tert-butyldimethylsilyl ether. Generally, 
this reaction is preferably carried out in a medium such as tetrahydrofuran. The amount of the medium to be used may 
be generally about 1 to 5 mL for 1 g of the alcohol. Generally, this reaction is preferably carried out at a temperature 

10 of about -20 to 60°C, particularly about 0°C to room temperature, for example, for 1 to 5 hours. This reaction is preferably 
carried out in the presence of acetic acid. The amount of acetic acid to be added may be generally about 1 to 2 mol 
for 1 mol of the tert-butyldimethylsilyl ether. 

[0047] A benzyloxymethyl group may be removed, for example, by hydrogenolysis reaction using a catalyst such as 
. palladium/carbon or palladium hydroxide/carbon. The amount of the catalyst to be used may be generally about 5 to 

15 20% by weight with respect to the benzyloxymethyl ether. Generally, this reaction is preferably carried out in a medium 
such as methanol, ethanol, tetrahydrofuran, acetic acid and the like. The amount of the medium to be used may be 
generally about 1 to 5 mL for 1 g of the benzyloxymethyl ether. Generally, this reaction is preferably carried out at a 
temperature of about -10 to 50°C, particularly at room temperature, for example, for 3 to 10 hours. 
[0048] An acetyl group may be removed by subjecting an acetic ester to hydrolysis reaction using a base such as 

20 sodium carbonate, potassium carbonate, sodium hydroxide, potassium hydroxide and the like. The amount of the base 
to be added may be generally about 0.1 to 10 mol for 1 mol of the acetic ester. Generally, this reaction is preferably 
carried out in a medium such as methanol, ethanol, tetrahydrofuran or 1 ,4-dioxane, or a water-mixed medium thereof. 
The amount of the medium to be used may be generally about 1 to 5 mL for 1 g of the acetic ester. Generally, this 
reaction is preferably carried out at a temperature of about -20 to I00°C, particularly about 0 to 50°C, for example, for 

25 1 to 5 hours. 

[0049] In accordance with the present invention, a compound having the hydroxyl group attached to the asymmetric 
carbon atom *1 , which is derived from the reduction of the corresponding carbonyl group, can be used in the following 
reactions without protection of the hydroxyl group. It is preferred, however, that such a compound is used after being 
protected with a suitable protecting group as occasion requires. . 

30 [0050] The amino-protecting group can be removed by a known method indicated in literatures (for example, T. W. 
Greene, P. G. M. Wuts, et al., Protective Groups in Organic Synthesis , Wiley-lnterscience Publication). For example, 
a benzyl group may be removed by hydrogenolysis reaction using a catalyst such as palladium/carbon or palladium 
hydroxide/carbon. The amount of the catalyst to be used may be generally about 5 to 20% by weight with respect to 
the protected amine. Generally, this reaction is preferably carried out in a medium such as methanol, ethanol, tetrahy- 

35 drofuran, acetic acid and the like. The amount of the medium to be used may be generally about 1 to 5 mL for 1 g of 
the protected amine. Generally, this reaction is preferably carried out at a temperature of about -1 0 to 50°C, particularly 
at room temperature, for example, for 3 to 1 0 hours. When R 21 is a halogen atom, however, the amino-protecting group 
is removed by a known method indicated in the literatures (M. Koreeda et al., Journal of Organic Chemistry, 49 , p. 
2081 (1984) and S. Gubert et al., Synthesis. 4 , p.318 (1991)). 

40 [0051] An acetyl group may be removed according to the acetic ester- hydrolyzing process using basic condition as 
set forth above. When an acyl group is used as the amino-protecting group, however, it may be preferred that this 
hydrolysis reaction is generally carried out at a temperature of room temperature to about 100°C. 
[0052] A tert-butoxycarbonyl group (Boc) may be removed by reacting the corresponding protected amine with a 
known mineral acid or Lewis acid. The known mineral acid or Lewis acid may be hydrochloric acid, hydrobromic acid, 

45 sulfuric acid, acetic acid, trifluoroacetic acid, aluminum chloride, bromotrimethylsilane, iodotrimethylsilane and the like, 
with hydrochloric acid being preferred. The amount of the mineral acid or Lewis acid to be added may generally vary 
from about the same molar amount with respect to the protected amine to a solvent amount with respect to the protected 
amine. This reaction can be carried out in a medium. However, this reaction may also be preferably carried out using 
the above acid as a medium. The medium may be a lower alcohol such as methanol, ethanol and n-propanol, 1 ,4-di- 

50 oxane, tetrahydrofuran, acetonitrile, dichloromethane and the like, with methanol and ethanol being preferred. Gener- 
ally, this reaction is preferably carried out at a temperature of about -30 to I00°C, particularly about 0°C to room tem- 
perature, for example, for 1 to 10 hours. 

[0053] The hydroxyl- and amino-protecting groups may be sequentially or simultaneously removed. For example, 
when R 21 is a benzyloxy group, R 3 is a benzyl group and R 4 is a benzyl or benzyloxycarbonyl group respectively, they 
55 can be removed under the same reaction condition and are preferably simultaneously removed. When R 21 is a ben- 
zyloxy group and R 4 is a tert-butoxycarbonyl group respectively, they can be removed by sequential steps comprising, 
for example, the first removal of the tert-butoxycarbonyl group as R 4 followed by the removal of the benzyloxy group 
as R21 1 jhe sequence of removal is not limit to the above and is preferably selected depending on the physical properties 
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of the compound to be Unprotected. The condition for removing each protecting group is as set forth above. In addition 
these deprotection can be earned out with reference to the teachings of JP-A-9-249623 
[0054] Examples of a compound represented by the formula (1) include 

2-fN-[2-(9H-carba2ol-2-yloxy)]ethyl]amino-1-(3-methylsulfonylamino)phenylethanol- 

2-[N-[2-(9H-carba2ol-2-yloxy)]ethyl]amino-1-(4-hydroxy-3-methylsulfonylamino)phenylethanol- 

2-N-2-(9H-carbazol-2-yloxy)]ethyl]amino-1-(4-bromo-3-methylsulfonylamino)phenylethanol- 

o E" !1 9H * carba20l " 2 - yloxy)]e ^ 

2-[N-[2-(6-hydroxy-9H-carba 2 ol-2-yloxy)]ethyl]amino-1 -(3-methy| S ulfonylamino)phenylethanol. The most pre- 
ferred examples are the above-mentioned compounds in the R-form. 

[0055] The processes for the preparation of a compound represented by the formula (1 ) according to the present 
invention are illustrated in more detail in the followings. 

[Preparing Process 1] 

[0056] A compound of the formula (4) is condensed with a compound of the formula (1 2) to give a compound of the 
formula 3), which is then reduced to give an amino-alcohol of the formula (2). At the final step, the protecting groups 
are simultaneously or sequentially removed to give a compound of the formula (1 ) 

fn°dJILt C t°hT Un ? Tf by thS f0miUla W iS 8 kn ° Wn com P° u "d and can be synthesized by the method 
p 49 (1974)) n 61 a '" JMed ' Chem..1Q. p. 462 (1967), or C. Kaiser et al., J. Med Chem.. 2 . 

KI2 t A C ° mp ° U " d re P resen ^d by the formula (3), which is a novel compound and is relatively good in crystallinity, 
is characteristic of the present process as an . important intermediate. The recrystallizing step can be carried out by a 
commonly apphcable means, which may be preferably a means comprising dissolving a compound of the formula (3) 
no C «, We 1 38 metnano1 or ethano1 - f o»°wed by cooling to allow the compound to crystallize 

I cfmLm^XT TT^* f ° rmU,a (3) C3n be ° btained by reactin ° a compound of the formula (4) with 
a compound of the formula (12). The amount of the compound of the formula (12) to be added may be about 0.9 to 5 
Thi n r \ f compound of the formula (4). Generally, this reaction is preferably carried out in an inert medium. 
The inert medium may be, for example,, acetonitrile, acetone, methyl ethyl ketone, methanol, ethanol, tetrahydrofuran 

?t °tTS ? 6 ; W 1 tet ; ahydrof uran bein 9 Purred. The amount of the inert medium to be used may be generally 
about 1 to 100 mL fori g of the compound of the formula (4). 

n°t° 6 S.^ G f nera " y ' X> ] iS reaCti ° n iS P referab, V carried ° ut at a temperature of about - 20'C to 1 00»C, particularly about 
J^t : f ° r 3 t0 10 h ° UrS - ThiS reaCti0n iS a,so P refer ably carried out in the presence of a base as an 

tri^Zf 6 Ii m S h ' ? T amine ° r a " in ° rganiC baS6 ° an be used - The tertiaf y amine ma V be - "ample, 

r.ethylam.ne, N,N-d,.sopropylethylam,ne or N,N-dimethylaminopyridine. The inorganic base may be, for example po- 

An'^Tf I 3 ' 6 ,° r f P ° ,aSSium hydr °9 en carbonate. The amount of the acid scavengers be used may be generally 
1 to 5 mol for 1 mol of the compound of the formula (4). 1 

rnmnl h C ° mp ° Und "* re * ented by the formula (12) can be obtained by protecting a primary amine which is a known 
compound represented by the formula: 




02) 

(synthesized by the known method indicated in JP-A-9-249623) with a protecting group R4. That is, when R< is a benzyl 
group, the Protecting step can be carried out by reductive alkylation reaction with benzaldehyde, or by alkylation reaction 
with benzyl hal.de benzyl sulfonate and the like. For example, the amount of benzaldehyde to be added according to 
the reductive alkylation reaction may be generally about 1 to 1 .5 mol for 1 mol of the compound of the formula (12) 
Generally, this reaction is preferably earned out in a medium such as tetrahydrofuran. water, methanol or ethanol' 
Me thanol may be most preferably used as the medium. The amount of the medium to be used may be generally about 
10 to 100 mL for 1 g of the compound of the formula (12). Generally, this reaction is preferably carried out at room 
temperature, for example, for 3 to 1 0 hours. Further, it is also preferred that this reaction is generally carried out in the 
presence of a platinum group metal-comprising catalyst. The platinum group metal-comprising catalyst may be pref- 
erably platinum ox.de. The amount of the platinum group metal-comprising catalyst to be used may be generally about 
0.01 to 0.1 mol for 1 mol of the compound of the formula (12). This reaction is to be carried out under a hydrogen 
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atmosphere. Generally, it may be preferably carried out at a pressure of about 1 to 1 0 atm, particularly preferably about 
1 to 3 atm. 

[0062] Alternatively, a compound represented by the formula (12) may be synthesized from a compound represented 
by A' -OH by a process consisting of 2 steps. That is, a compound of the formula (12) can be obtained by reacting a 
5 known compound of A'-OH with 1 ,2-dibromoethane to give the corresponding brominated compound, followed by re- 
acting with an amine (NH 2 -R 4 )(in case that R 4 is a substituted benzyl group). 

[0063] The reaction between a compound represented by A'-OH and 1 ,2-dibromoethane may be carried out in an 
organic solvent, generally in the presence of a base at a temperature of room temperature to the reflux temperature 
of the thus selected solvent. The amount of 1 ,2-dibromoethane to be used is preferably 3 to 15 mol for 1 mol of the 

10 compound of A'-OH. The solvent may be dimethylformamide, dimethylacetamide, 2-butanone, acetonitrile, diglyme or 
tetrahydrofuran. The base may be potassium carbonate, sodium carbonate, sodium hydroxide, potassium hydroxide, 
triethylamine, pyridine, sodium hydride, sodium methoxide and the like, which is preferably used at an amount of 1 to 
5 mol for 1 mol of the compound of A'-OH. The amount of the medium to be used is generally about 5 to 100 mL for 
1 g of the compound of A'-OH. Generally, this reaction is preferably carried out at a temperature of 60 to 90°C, for 

15 example, for 3 to 24 hours. 

[0064] The reaction of the brominated compound with NH 2 -R 4 may be carried out in a solvent or without solvent at 
a temperature of 60 to 100°C. The amount of NH 2 -R 4 to be used may be 2 to 10 mol for 1 mol of the brominated 
compound. The solvent may be dimethylformamide, dimethylacetamide, dimethylsulfoxide, 2-propanol and the like. 
[0065] A compound represented by the formula (2) can be obtained by reducing a compound represented by the 

20 formula (3) with a known reducing agent. The reducing agent may be, for example, sodium borohydride, borane or 
diisobutylaluminum hydride. The reducing reaction may be preferably carried out with a metal hydride such as sodium 
borohydride, or with hydrogen in the presence of a platinum group metal-comprising catalyst such as palladium catalyst. 
The amount of sodium borohydride to be added may be generally about 1 to 3 mol for 1 mol of the compound of the 
formula (3). Generally, this reaction is preferably carried out in a lower alcohol. The lower alcohol may be, for example, 

25 methanol or i-propanol, and is preferably ethanol. The amount of the lower alcohol to be used may be generally about 
1 to 5 mL for 1 g of the compound of the formula (3). However, when the solubility is insufficient, it may be preferred 
that tetrahydrofuran as a cosolvent is generally added in an amount of about 1 to 5 mL for 1 g of the compound of the 
formula (3). Generally, this reaction is preferably carried out at a temperature of about -20 to 50°C, particularly about 
0°C to room temperature, for example, for 1 to 5 hours. 

30 [0066] In addition, if an optical isomer of either R-form or S-form with respect to *1 of the formula (2) is to be obtained, 
it can be obtained by asymmetric reduction in the presence of an asymmetric reduction catalyst known from a variety 
of literatures (for example, Achiwa et al. Chem. Pharm., Bull., 43 , p. 748 (1 995) or Nozaki et al. J. Org. Chem., 59, pp. 
3064-3076 (1994). 

[0067] The method of Nozaki et al. is concerned with an asymmetric reduction with respect to 1,1-dimethylaminoac- 

35 etone, in which method a cationic ruthenium-BIN AP(2,2'-bis(diphenylphosphino)-1 ,1 '-binaphthyl) complex of [Rul((S) 
-BINAP)(p-cymene)] + I - is used, and this method may also be preferred for the present invention. 
[0068] Further, WO 97/20789 and JP-A-9-1 571 96 each teach a variety of processes forthe preparation of an optically 
active alcohol from a ketone compound. Such processes use a metal complex comprising a transition metal with various 
ligands, more preferably, for example, a transition metal complex which may be represented by MX m L n wherein M 

40 represents a transition metal of the VIII group such as iron, cobalt, nickel, ruthenium, rhodium, iridium, osmium, palla- 
dium or platinum; X represents a hydrogen atom, a halogen atom, a carboxyl group, a hydroxyl group or an alkoxyl 
group; L represents a neutral ligand such as an aromatic compound or an olefin compound; m and n represent an 
integer. Ruthenium is a preferred transition metal to be contained in such transition metal complexes. When the neutral 
ligand is an aromatic compound, it may be a monocyclic aromatic compound. The aromatic compound may be sub- 

45 stituted with various substituents such as a hydrogen atom, a saturated or unsaturated hydrocarbon group, an allyl 
group or a functional group containing heteroatom(s), at any positions of the aromatic compound, and the number of 
the substituents is not limited. The substituents may be specifically an alkyl group such as methyl, ethyl, propyl, i- 
propyl, butyl, tert-butyl, pentyl, hexyl, heptyl and the like; a cycloalkyl group such as cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl and the like; an unsaturated hydrocarbon group such as benzyl, vinyl, allyl and the like; or a functional group 

so containing heteroatom(s) such as hydroxyl group, alkoxyl group, alkoxycarbonyl group and the like. 
[0069] In addition, specific examples of metal complex include the followings. 

[(R,R)-N-(p-toluenesu!fonyl)-1 ,2-diphenylethylenediamine]benzene ruthenium complex; 
[(R,R)-N-(p-toluenesulfonyl)-1,2-diphenylethylenediamine] (p-cymene) ruthenium complex; 
55 [(R,R)-N-(o-toluenesulfonyl)-l,2-diphenylethylenediamine] (p-cymene) ruthenium complex; 

[(R,R)-N-(2-mesitylenesulfonyl)-1 ,2-diphenylethylenediamine] (p-cymene) ruthenium complex; 
((R,R)-N-methanesulfonyl-1 ,2-diphenylethylenediamine)(p-cymene) ruthenium complex; 
((R,R)-N-benzenesulfonyl-1 ,2-diphenylethylenediamine)(p-cymene) ruthenium complex; 
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o 2 "m" P ; eneSU ' f0nyl) * 1 ■ 2 - di P hen ytethylenediamine] (p-cymene) ruthenium complex; 

o S'l^ " ° methaneSUlf0nyl " 1 ' 2 - di P h enylethylenediarnine) (p-cymene) ruthenium complex; 

o S"m" (P "T thox y ben2enesu| fony')-1 .2-diphenylethylenediamine](p-cymene) ruthenium complex; 
((R,R)-N-methanesulfonyl-1 ,2-diphenylethylenediamine)mesitylene ruthenium complex- 
[(R,R)-N-(p-toluenesulfonyl)-1,2-diphenylethylenediamine] mesityiene ruthenium complex' 
hydnde-[(R,R)-N-(p-toluenesulfonyl)-1 ,2-diphenylethylenediamineJbenzene ruthenium complex- 
J y ^ e 1£"K' (p - tol ^^ complex; 

y H ! e ' £n ^ (O ' tOlUeneSU " 0nyl) ' 1 .2-diphenylethylenediamine] (p-cymene) ruthenium complex; 

« n "m' ( T SityleneSUlf ° nyl) " 1 ^P^y'ethylenediamine] (p-cymene) ruthenium complex; 
^ S S'S ?" met hanesu,fon y | - 1 .2-diphenylethylenediamine)(p-cymene) ruthenium complex; 
* y TZ e "f£'S -N-benzenesulfonyl-1 .2-diphenylethylenediamine)(p-cymene) ruthenium complex; 
E£1 So "m ^ luoroben2enesulf °nyl)-1 .2-diphenylethylenediamine)(p-cymene) ruthenium complex; 
Tr, h £ o m' rrfluor ° methane ^°nyM ,2-diphenylethylenediamine)(p-cymene) ruthenium complex; 
222r S b "m P T thox y ben2enesulfo "y')- 1 .2-diphenylethylenediamine](p-cymene) ruthenium complex; 
hydr.de- (R,R)-N-methanesulfonyl-1 >2 -diphenylethylenediamine)mesitylene ruthenium complex- 
hydnde-[(R R)-N-(p-toluenesulfonyl)-1,2-diphenylethylenediamine]me S itylene ruthenium complex- 
ch oro- (R,R)-N-(p-toluenesulfonyl)-1,2-diphenylethylenediamine]ben2ene ruthenium complex- 
ch ore- (R,R)-N-(p-toluene S ulfonyl)-1,2-diphenylethylenediamine](p-cymene) ruthenium complex- 
C ^ 0r0 1 = « ) " N " (0 " t0lUeneSUlf0nyl) " 1,2 * diphenyleth y |enediarnine HP-^^ ruthenium complex'- 
°J 0r °' =^ ) * N " methaneSUlf0ny| -' 1 • 2 <«Phenylethylenediamine)(p-cyrnene) ruthenium complex; 
chloro- (R,R)-N-benzenesulfonyl-1 ,2-diphenylethylenediamine)(p-cymene) ruthenium complex- 

S °. m £ b m' ^^ rrflU °T et hanesulfon y')- 1 .2- d iphenylethylenediamine](p-cymene) ruthenium complex; 
^ £ o "m" (P "T Xy Z6neSU,f0nyl) " 1 ■ 2 - di P hen y'ethylenediamine] (p-cymene) ruthenium complex; 

J £*S -N-methanesulfonyl-1 ,2-diphenylethylenediamine]mesitylene ruthenium complex; and 
chloro-t(R,R)-N-(p-toluenesulfonyl)-1 ,2-diphenylethylenediamine]mesitylene ruthenium complex. 

[0070] Further, an asymmetric reduction using a catalyst is known, wherein the catalyst is obtained by reacting the 
following rhodmrn complex with the following chiral phosphine ligand. For example, [Rh(nbd) 2 ]CIO. (wherein nbd 
means norbornadiene)^Rh(nbd)C,] 2 . rRh(cod)C<] 2 (wherein cod means cycloocta-1 ^diene), and ^TslZTn 
hLt TT m t IT'' fo f^^ 65 ° f Chira ' ph0S P hine n 9 and include (2R,3R)-2,3-bis(diphenylphosphino)-bicyclo[2,2 11 
Sim }T*\ { R '^; N ° RPHOS,; ( R )- 5 ' 5, - dimethox y-4.4\6,6^tetramethyl-2-diphenylphos P hino-idicyclohexy^ 
ohi^^ -I v'h h P ^ 6 ?^L /d "^^^"^'^^ P ^' ^'^'" d ' me ^ ox y*^ , ^' , ^'^'"^ rame ^y'^'2'-bis(dicycloh^xylphos- 
?™ ; 1 ; biP ?T^ [abbr - : ( R )" C y- BIM ° p J; .4-bis[bis(4-methoxy-3.5-dimethylphenyl)phosphinoS 3-fO- 

isopropyl,dene)-2 3-butanedio. [abbr, (S,S)- M OD-DIOP] : (2S,3S)-1 ,4-bis(dipheny.phosphino)-2 3-(0-i S opropylfdene)- 
2.3-bu aned.o abbr, (S,S)-D.OP]; (2S ( 3 S) -1-diphen y lphosphino-4-dicyc.ohexylphosphino-2,3-(0-isopropS 
FOHWsT, uL!r ft ff^V- (R) - 1 - [(S >- 1 ' 2 - b -( d ipn-ylphosphino)ferroceny. ] ethano, [abbr, <RHS)-£p. 
no2 d! 'I h • 2 - b,S(dlph r y PhOSPhin0)ferrOCeny,]ethan01 [abbr: (S)-(S)-BPPFOHJ; (1S.2SM **hentf pho^ 

phosphinomethyl)cyclopentane [abbr.: (R,R)-CPCP]. 

Lnown a " as t y m i metric i reduction according to the present invention is carried out in the presence of such a 

known catafyst a suitable catalyst can be previously selected by checking the fact that the said reduction can appro- 
priately proceed in the presence of the catalyst. However, such a checking may limit suitable catalysts there is some 
^appropriate catalysts to be selected is limited. Particularly preferred examples of me cataVst Tndude 

?! ^ y 9 , l rh0dlUm COmP ' eX represented fa y the f [Rh(cod)CI] 2 wherein cod means cycloocta- 
1 ,5-diene, with any one of chiral phosphine represented by the formula (16): 
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or the formula (17): 



cy 2 a. 




5 




PPh 2 



PPh 2 



(17) 



10 



H 



wherein Cy means a cyclohexyi group. That is, a hydrochloride compound of the formula (3) is reduced with hydrogen 
in the presence of the said complex [Rh(cod)CI) 2 and a chira! phosphine ligand represented by the formula either (1 6) 
or,{17). These reactions may be carried out according to the literature (Achiwa et al., Chem. Pharm. Bull. , 43, p 748 

is (1995)). For example, an optically active compound (amino-alcohol) represented by the formula (2) can be obtained 
by reducing a hydrochloride compound (ketoamine) of the formula (3) with hydrogen in the presence of a catalyst 
prepared from [Rh(cod)CI] 2 , a chiral phosphine ligand represented by the formula (16) and a base. A chiral phosphine 
ligand represented by the formula (16) or (17) having the conformation (2R.4R) is preferably used, when an objective 
compound to be obtained by asymmetric reduction is in the R-form. The amount of [Rh(cod)CI] 2 to be added may be 

20 generally about 1 0- 5 to 1 0" 1 mol for 1 mol of the ketoamine hydrochloride. The amount of the chiral phosphine ligand 
represented by the formula (1 6) to be added may be generally about 2.6 mol for 1 mol of Rh. Examples of the base 
include N,N-diisopropylethylamine, sodium hydroxide, potassium hydroxide, lithium hydroxide, potassium methoxide 
and potassium tert-butoxide. The base may be preferably triethylamine. The amount of the base to be added may be 
generally about 5 x 10- 3 mol for 1 mol of the ketoamine hydrochloride. Generally, this reaction may be preferably 

25 carried out under a hydrogen atmosphere at atmospheric pressure to about 50 atm, more preferably at atmospheric 
pressure to about 20 atm. It is generally preferred to carry out this reaction in a medium. Examples of the medium 
include toluene, xylene, diethyl ether, tetrahydrofuran, 1,4-dioxane, ethanol, n-propanol, i-propanol and water. The 
medium may be preferably methanol. The amount of the medium to be used may be generally about 5 to 30 mL for 5 
mmol of the ketoamine hydrochloride. This reaction is generally carried out at a temperature of about 0 to 100°C, 

30 preferably room temperature to about 50°C, for example, preferably for 0.5 to 2 days. 

[0072] As set forth above, the ketoamine in the form of hydrochloride is more preferably used than its free form as 
a reactant in the present asymmetrically reducing process using a catalyst prepared from a rhodium complex. 
[0073] Next, a compound of the formula (1) can be obtained by simultaneously or sequentially removing the protecting 
groups according to the method as set forth above. 

35 [0074] In each step of the synthesizing route set forth above, the produced material is preferably purified by a known 
purifying means, such as column chromatography. However, the intermediate products such as a novel compound 
represented by the formula (3) are relatively good in crystallinity and can be used in the following reaction step after 
being subjected to a simple recrystallizing treatment without hard labor. Therefore, the present process, which can 
save cost and complicated process, is a preferred process. In addition, the present process is also preferred in that 
each step results in good yield and that the number of steps is relatively few. 

[Preparing Process 2] 

[0075] A compound of the above-mentioned general formula (3) may be synthesized by either process as set forth 
45 below. That is, a compound of the formula (3) can be obtained by condensing a compound of the formula (4) with a 

compound of the formula (14) to give a compound of the formula (6); and converting its hydroxyl group into a leaving 

group B 3 to give a compound of the formula (5), which is then condensed with a compound represented by A'-OH. 

[0076] The condensation of a compound of the formula (4) with a compound of the formula (1 4) can be carried out 

under the same reaction conditions with those of the reaction of a compound of the formula (4) with a compound of 
so the formula (12) according to the Preparing Process 1 as set forth above. In this connection, R 4 in the formula (14) 

and R 4 in the formula (12), which are common in that they are an amino-protecting group, do not necessarily mean 

the same group and may be different from each other. 

[0077] A compound represented by the formula (6) obtained by the condensation of a compound of the formula (4) 
with a compound of the formula (14) is novel and is a preferred intermediate. The compound does not necessarily 
55 need a column chromatography purifying step and may be used in the following reaction step after being subjected to 
a recrystallizing treatment and the like. 

[0078] Among compounds represented by the formula (14), which can be synthesized by the same reaction condi- 
tions with those of Referential Examples of the present text of specification, a compound of the formula (14) in which 
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R 4 is a benzyl group is commercially available (mfd. by TOKYO KASEI KOGYO) and is particularly preferred. 
[0079] A compound represented by the formula (5) can be obtained by converting the hydroxyl group (the primary 
hydroxyl group) of the side-chain of a compound of the formula (6) to a leaving group B 3 . The conversion into a leaving 
group B 3 may be carried by halogenation with a known halogenating agent such as hydrogen bromide/acetic acid, 

5 phosphorus tribromide, phosphorus pentabromide, phosphorus trichloride, phosphorus pentachloride, phosphorus ox- 
ychloride, thionyl chloride, thionyl bromide, bromine/triphenylphosphine, carbon tetrachloride/ triphenylphosphine, car- 
bon tetrabromide/triphenyiphosphine, N-bromosuccinimide/triphenylphosphine and the like, or by sulfonic esterif ication 
with a sulfonyl chloride such as methanesulfonyl chloride, p-toluenesulfonyl chloride and the like. For example, a com- 
pound of the formula (5) in which B 3 is bromine may be obtained by treating a compound of the formula (6) with about 

10 1 - to 1 0-fold moles of phosphorus tribromide. Generally, this reaction is preferably carried out in an inert medium. The 
inert medium may be, for example, 1 ,2-dichloroethane or carbon tetrachloride, and is preferably dichloromethane. The 
amount of the inert medium to be used may be generally about 1 to 1 0 mL for 1 g of the compound of the formula (6). 
This reaction is generally carried out at a temperature of about -30 to 1 00°C,, particularly about 0 to 50°C, for example, 
preferably for t to 5 hours. In addition, a methanesulfonate ester may be generally obtained by treating a compound 

15 of the formula (6) with about 1 - to 3-fold moles of methanesulfonic chloride. Generally, this reaction is preferably carried 
out in an inert medium. The inert medium may be, for example, dichloromethane, tetrahydrofuran or toluene, and is 
preferably pyridine. The amount of the inert medium to be used may be generally about 1 to 10 mL for 1 g of the 
compound of the formula (6). This reaction is generally carried out at a temperature of about -20 to 100°C, preferably 
about 0 to 50°C, for example, preferably for about 1 to 5 hours. This reaction may be also preferably carried out in the 

20 presence of a tertiary amine such as triethylamine, N,N-diisopropylethylamine, N,N-dimethylaminopyridine and the 
like, The amount of the tertiary amine to be used may be about 1- to 5-fold moles. 

[0080] As obtained sulfonate ester compound may be directly subjected to the following condensation reaction with 
a compound represented by A'-OH, or may be first halogenated with a halogenating agent such as sodium chloride, 
sodium bromide, sodium iodide, potassium bromide or potassium iodide by a known method (for example, Org. Syn. 

25 2S!L Vol -» £» P- 753 (1963)) followed by condensation with a compound represented by A'-OH. Generally, the iodide 
may be obtained by treating the corresponding sulfonate ester with about 1 - to 1 0-fold moles of sodium iodide. Gen- 
erally, this reaction is preferably carried out in an inert medium. The inert medium may be, for example, 2-butanone, 
tetrahydrofuran, N,N-dimethylformamide, N,N-dimethylacetamide, dimethylsulfoxide orsulfolane, and is preferably ac- 
etone. The amount of the inert medium to be used may be generally about I to 10 mL for 1 g of the sulfonate ester. 

30 This reaction is generally carried out at a temperature of about 0 to 1 50°C, preferably about room temperature to about 
100°C, for example, preferably for 3 to 10 hours. 

[0081] Generally, the condensation reaction of a compound of the formula (5) with a compound represented by A'-OH 
is preferably carried out by reacting 1 to 5 mol of the compound of A'-OH for 1 mol of the compound of the formula (5) 
in a basic condition. The basic condition preferably comprises treatment with an alkali such as potassium carbonate, 

35 potassium hydroxide, sodium hydroxide, sodium hydride, potassium hydride and potassium tert-butoxide. In this basic 
condition the compound of A'-OH is formed into the metal alkoxide by each alkali. The amount of the metal alkoxide 
to be used may be generally about 1 to 3 mol for 1 mol of the halide or sulfonic ester. Generally, this reaction is preferably 
carried out in an inert medium. The inert medium may be, for example, acetone, 2-butanone, tetrahydrofuran, N,N- 
dimethylacetamide, dimethylsulfoxide or sulfolane, and is preferably N,N-dimethylformamide. The amount of the inert 

40 medium to be used may be generally about 1 to 1 0 mL for 1 g of the sulfonic ester. Generally, this reaction is preferably 
carried out at a temperature of room temperature to about 100°C, for example, for 3 to 10 hours. 
[0082] In addition, a ketoamine represented by the formula (3) may be obtained by directly condensing a compound 
of the formula (6) with a compound represented by A'-OH according to Mitsunobu reaction. The reaction can be carried 
out in accordance with the method indicated in literatures (for example, Mitsunobu et al. Journal of Organic Chemistry , 

45 §0. P- 3095 (1 985)). For example, a compound of the formula (6) may be reacted with 1 - to 2-fold moles of a compound 
of A'-OH in the presence of 1- to 2-fold moles of a condensing agent prepared from a trivalent organophosphorus 
compound, such as triphenylphosphine, triethylphosphine, triethylphosphine and the like, and an azo compound such 
as diethyl azodicarboxylate (DEAD), N.N.N'.N'-tetramethyl-azodicarboxamide (TMAD), l,1-(azodicarbonyl)dipiperidine 
(ADDP), cyanomethylenetributyl phosphorane (CMBP) or cyanomethylenetrimethyl phosphorane (CMMP), phospho- 

50 rane and the like. Generally, this reaction is preferably carried out in an inert medium. The inert medium may be benzene 
or toluene, and is preferably tetrahydrofuran. The amount of the inert medium to be used may be generally about 1 to 
1 0 mL for 1 g of the compound of the formula (6). This reaction is generally carried out at a temperature of about 0 to 
1 00°C, preferably about 0 to 50°C, most preferably room temperature to 50°C, for example, preferably for 3 to 1 0 hours. 
[0083] A compound represented by A'-OH can be obtained by the methods disclosed in JP-A-9-249623 (WO 

55 97/25311 ) and WO 99/01431 . However, 2-hydroxycarbazole is commercially available (mfd. by Aldrich) and such com- 
mercially available products are easily used and preferred. 

[0084] The thus obtained compound of the formula (3) can be subjected to the following synthesizing steps in ac- 
cordance with the same conditions with those of the Preparing Process 1 as set forth above to give each of a compound 
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of the formula (2) and a compound of the formula (1). 

[0085] In each step of the synthesizing route set forth above, the produced material is preferably purified by a known 
purifying means, such as column chromatography. However, the intermediate products such as a novel compound 
represented by the formula (3) are relatively good in crystallinity and can be used in the following reaction step after 
being subjected to a simple recrystalli2ing treatment without hard labor. Therefore, the present process, which can 
save cost and labor, is a preferred process. In addition, the present process is also preferred in that each step results 
in good yield and that the number of steps is relatively few. 

[Preparing Process 3] 



[0086] A compound of the above-mentioned general formula (2) may be also synthesized by a process set forth 
below. That is, an amino-alcohol represented by the formula (2) can be obtained by reducing the carbonyl group of a 
compound of the formula (5) to give a compound of the formula (7), followed by condensation with a compound rep- 
resented by A'-OH. 

15 [0087] The reaction for reducing or asymmetrically reducing a compound of the formula (5) can be carried out under 
the same reaction conditions with those of the process for synthesizing a compound of the formula (2) from a compound 
of the formula (3) set forth above (Preparing Process 1). 

[0088] The condensation reaction of a compound of the formula (7) with a compound represented by A'-OH can be 
carried out under the same reaction conditions with those of the process for synthesizing a compound of the formula 
20 (3) from a compound of the formula (5) as set forth above (Preparing Process 2). For example, the condensation 
reaction is preferably carried out in a basic condition. 

[0089] The thus obtained compound of the formula (2) can be subjected to the following synthesizing steps in ac- 
cordance with the same conditions with those of the Preparing Process 1 set forth above to give a compound of the 
formula (1). 

25 [0090] In each step of the synthesizing route set forth above, the produced material is preferably purified by a known 
purifying means, such as column chromatography. However, the intermediate products such as a novel compound 
represented by the formula (6) do not necessarily need a purifying step and can be used in the following reaction step 
after being subjected to a simple treatment, such as a recrystallizing treatment. Therefore, the present process, which 
can save cost and labor, is a preferred process. In addition, the present process is also preferred in that each step 

30 results in good yield and that the number of steps is relatively few. 

[Preparing Process 4] 

[0091 ] A compound of the formula (2) may be also synthesized by either process set forth below. That is, a compound 
35 represented by the above-mentioned general formula (6) is reduced (or asymmetrically reduced) to give a compound 
of the formula (8). Next, (i) the primary hydroxyl group of the compound of the formula (8) can be converted into a 
leaving group B 3 to give a compound of the formula (7), which can be then condensed with a compound represented 
by A'-OH in accordance with the Preparing Process 3 set forth above to give a compound of the formula (2). 
[0092] Alternatively, (ii) the compound of the formula (8) can be subjected to Mitsunobu reaction with a compound 
40 represented by A'-OH to give a compound of the formula (2). 

[0093] The reaction for reducing or asymmetrically reducing a compound of the formula (6) can be carried out under 
the same reaction conditions with those of the process for synthesizing a compound of the formula (2) from a compound 
of the formula (3) as set forth above (Preparing Process 1). 

[0094] A compound represented by the formula (8) obtained by the reduction (or asymmetric reduction) of a com- 
45 pound of the formula (6) is novel and is a preferred intermediate. The compound does not necessarily need a purifying 
step and may be used in the following reaction step after being subjected to a simple treatment, such as a recrystallizing 
treatment. Therefore, the present process using the said compound can save cost and labor. 

[0095] A compound represented by the formula (7) can be obtained by treating the primary hydroxyl group of a 
compound of the formula (8) in accordance with the same methods with those for preparing a compound of the formula 

so (5) from a compound of the formula (6) as set forth above (Preparing Process 2). 

[0096] The step of directly condensing a compound of the formula (8) with a compound represented by A'-OH ac- 
cording to Mitsunobu reaction to give a compound of the formula (2), can be carried out by reacting a compound of 
the formula (8) with a compound represented by A'-OH in the presence of a trivalent organophosphorus compound 
and an azo compound or phosphorane as a condensing agent as set forth above (Preparing Process 2). 

55 [0097] The thus obtained compound of the formula (2) can be treated under the same conditions with those of the 
Preparing Process 1 as set forth above to give a compound of the formula (I). 

[0098] In each step of the synthesizing route set forth above, the produced material is preferably purified by a known 
purifying means, such as column chromatography. However, compounds represented by the formulae (6) and (8), 
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which are novel compounds, do not necessarily need a purifying step and may be used in the following reaction step 
after being subjected to a simple treatment, such as a recrystallizing treatment. Therefore, these compounds are pre- 
ferred intermediates which can save cost and labor. In addition, the present process is also preferred in that each step 
results in good yield and that the number of steps is relatively few. 

[Preparing Process 5] 

[0099] A compound of the formula (4) is condensed with a compound of the formula (1 3) to give a compound of the 
formula (11), the carbony! group of which is then reduced to give a compound of the formula (10). After the amino 
groups are protected, the compound of the formula (1 0) is condensed with a compound represented by A'-OH to give 
a compound of the formula (9). The amino-protecting groups can be simultaneously or sequentially removed to give 
a compound of the formula (1 ). 

[0100] A compound of the formula (11) can be obtained by treating a compound of the formula (4) with a compound 
of the formula (13). The amount of the compound of the formula (13) to be added may be generally about ] to 5 mol 
for 1 mol of the compound of the formula (4). Generally, this reaction is preferably carried out in the presence of an 
acid scavenger. The acid scavenger may be, for example, a tertiary amine such as triethylamine or N,N-diisopropyl- 
ethylamine, potassium hydroxide, sodium carbonate or sodium hydrogencarbonate, and is preferably sodium hydrox- 
ide. The amount of the acid scavenger to be added may be generally about 2 to 1 0 mol for 1 mol of the compound of 
the formula (4). Generally, this reaction is preferably carried out in a lower alcohol such as methanol, ethanol or i- 
propanol, tetrahydrofuran or 1 ,4-dioxane, or a water-mixed medium thereof. The amount of the medium to be used is 
generally about 1 to 5 mL for 1 g of the compound of the formula (4). Generally, this reaction is preferably carried out 
at a temperature of about 0 to 100°C, particularly about 0 to 50°C, for example, preferably for 3 to 1 0 hours. 
[0101] A compound of the formula (13) In which B 1 and B 2 are chlorine or bromine is commercially available (mfd. 
by TOKYO KASEI KOGYO) and such commercially available products are easily used and preferred. 
[0102] The reaction for reducing or asymmetrically reducing the carbony! group of a compound of the formula (11) 
can be carried out under the same reaction conditions with those of the process for synthesizing a compound of the 
formula (2) from a compound of the formula (3) as set forth above (Preparing Process 1). 

[0103] The amino group of a compound of the formula (1 0) can be protected with a protecting group R 5 in accordance 
with a known method. For example, when R 5 is a tert-butoxycarbonyl group, a compound of the formula (10) in which 
the amino group is protected with R 5 can be obtained by treating the compound with di-tert-butyl dicarbonate in the 
presence of an acid scavenger. The acid scavenger may be preferably triethylamine, N,N-diisopropylethyfamine, so- 
dium hydroxide, potassium hydroxide, sodium carbonate/potassium carbonate, sodium hydrogencarbonate and the 
like. Generally, the amount of the acid scavenger to be added may be preferably about 1 to 3 mol for 1 mol of the 
compound (amino-alcohol hydrochloride) of the formula (10). Generally, this reaction is preferably carried out in a 
medium. The medium may be preferably a lower alcohol such as methanol, ethanol, n-propanol, i-propanol ortert- 
butanol, 1 ,4-dioxane or tetrahydrofuran, or a water-mixed medium thereof. The amount of the medium to be used is 
generally about 1 to 10 mL for 1 g of the amino-alcohol hydrochloride of the formula (10). Generally, this reaction is 
preferably carried out at a temperature of about -20 to 80°C, particularly about 0 to 50°C, most preferably about 0°C 
to room temperature, for example, preferably for 1 to 10 hours. 

[01 04] The amino-protecting groups of a compound of the formula (9) can be simultaneously or sequentially removed 
in accordance with a known method to give a compound of the formula (1). 

[01 05] In each step of the synthesizing route set forth above, the produced material is preferably purified by a known 
purifying means, such as column chromatography. However, each intermediate, particularly, a compound of the formula 
(11), which is included within the formula (1 8), and a compound of the formula (1 0), which is included within the formula 
(1 9), do not necessarily need a purifying step and may be used in the following reaction step after being subjected to 
a simple treatment, such as a recrystallizing treatment. The present process, which can save cost and labor, is a 
preferred process. In addition, the present process is also preferred in that each step results in good yield and that the 
number of steps is relatively few. 

[0106] The step for asymmetrically reducing a carbonyl group according to Preparing Processes 1 to 5 set forth 
above, is characteristic of the present invention and is a particularly preferred step in each Preparing Process. 
[0107] Preferred intermediates to be used in the preparing processes of the present invention include compounds 
represented by the following general formula (18) and salts thereof: 
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wherein R 1 represents a lower alkyl group or a benzyl group; R 21 represents a hydrogen atom, a halogen atom, a 
hydroxyl group or a protected hydroxyl group; R 3 represents an amino-protecting group or a hydrogen atom; R 4 rep- 
resents an amino-protecting group or a hydrogen atom; and B represents a hydroxyl group or a leaving group. The 
aforementioned general formulae (5), (6) and (11) are included within the formula (18). Compounds of the formula (18) 
are preferred compounds which are good in crystalfinity. 

[0108] The other preferred intermediates include compounds represented by the following general formula (1 9) and 
salts thereof: 




wherein R 1 represents a lower alkyl group or a benzyl group; R 21 represents a hydrogen atom, a halogen atom, a 
hydroxyl group or a protected hydroxyl group; R 3 represents a hydrogen atom or an. amino-protecting group; R 4 rep- 
resents an amino-protecting group or a hydrogen atom; B represents a hydroxyl group or a leaving group; and *1 
represents an asymmetric carbon atom. The aforementioned general formulae (7), (8) and (1 0) are included within the 
formula (19). 

[0109] As set forth above, a compound of the formula (I) in which R 6 is a hydrogen atom can exist in the two different 
optically active substances. The processes described herein can provide a racemic mixture and also an optical isomer 
as occasion requires. The reactions set forth above should not alter the relating stereochemistry. 
[01 10] When R 6 is a hydrogen atom, a mixture of two optical isomers with respect to *1 may be obtained. The mixture 
can be resolved into the optical isomers as their acid addition salts with an optically active acid such as camphorsulfonic 
acid, mandelic acid or substituted mandelic acid by a suitable method such as fractional crystallization. Such a fractional 
crystallization may be carried out using a suitable solvent, preferably a lower alcohol, such as methanol, ethanol, i- 
propanol or a mixture thereof. Each pair of enantiomers can be resolved into pure isomers by formation of diastereo- 
meric salt, chromatography using an optically active column, or other means. When one of starting materials is optically 
active, the thus obtained mixture of diastereomers can be resolved into pure isomers by the above-mentioned means. 
Not only a compound of the formula (1) but also an intermediate amino-alcohol (2), (7), (8), (9) or (10) each obtained 
in the intermediate steps of the Preparing Processes 1 to 5 set forth above can be subjected to the said resolution. 
Optical resolution and purification of the present compounds can provide a preferred medicine which comprises a 
single isomer having higher activities and thereby has improved efficacy with little side effect. 

[0111] Salts of a compound of the formula (1), (2), (3), (5), (6), (7), (8), (9), (10), (11), (18) or (19) according to the 
present invention may be a known salt, and examples thereof include hydrochloride, hydrobromide, sulfate, hydrogen- 
sulfate, dihydrogen phosphate, citrate, maleate, tartrate, fumarate, gluconate and methanesulfonate, and acid addition 
salts with an optically active acid such as camphorsulfonic acid, mandelic acid or substituted mandelic acid. Among 
them, pharmaceutical^ acceptable salts are particularly preferred. When a compound of the formula (1), (2), (3), (5), 
(6), (7), (8), (9), (10), (11), (18) or (19) is converted into its salt, an acid addition salt of the compound can be obtained 
by dissolving the compound in an alcohol such as methanol or ethanol, to which the equivalent amount to several times 
amount of the acid is then added. The acid to be used may be a pharmaceutical^ acceptable mineral or organic acid, 
such as hydrochloric acid, hydrobromic acid, sulfuric acid, hydrogensulfate, dihydrogen phosphate, citric acid, maleic 
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acid, tartaric acid, fumaric acid, gluconic acid, methanesulfonic acid and the like. 

[0112] This specification includes part or all of the contents as disclosed in the specification of Japanese Patent 
Application No. 11-83917. 

Examples 

[0113] The following examples further illustrate this invention but are not intended to limit it in any way. 
[0114] The thin layer chromatography (TLC) used was Precoated silica gel 60 F254 (mfd. by Merck). After developing 
with chloroform/methanol (1:0 to 4:1), chloroform/acetone (1:0 to 10:1) or n-hexane/ethyl acetate (1:0 to 1:10), the 
detecting process was carried out with UV (254 nm) irradiation and coloration with ninhydrin. R f values of TLC were 
obtained on free amines. The column chromatography process was carried out on silica gel 60 (230-400 mesh; mfd. 
by Merck). The determination of nuclear magnetic resonance spectrum (NMR) was carried out using Gemini-300 
(FT-NMR; mfd. by Varian). Mass spectrum (MS) was determined by the fast atom bombardment mass spectrometry 
(FAB-MS) with JEOL-JMS-SX1 02. 

Referential Example 1 

Synthesis of N-benzyl-N-[2-(9H-carhazol-2-yloxy)]ethy]amine 

[0115] Benzaldehyde (9.38 g) was added to a solution of N-[2-(9H-carbazol-2-yloxy)]ethylamine (20 g; synthesized 
according to the process indicated in JP-A-9-249623) in methanol (500 mL). The mixture was then stirred at room 
temperature for 1 hour. Under an argon atmosphere, platinum oxide (1.00 g; mfd. by Wako Pure Chemical Industries) 
was added to the mixture, which was then stirred under a hydrogen atmosphere at atmospheric pressure for 3 hours. 
After replacing the atmosphere in the reaction system with argon, benzaldehyde (1 .88 g) was added to the mixture, 
which was then further stirred under a hydrogen atmosphere at atmospheric pressure for 3 hours. After replacing the 
atmosphere with argon, the catalyst was filtered off and the solvent was distilled off under reduced pressure. The 
residue was recrystallized from ethanol and dried under reduced pressure to give the title compound (25.2 g) as a pale 
yellow crystal. 

R f : 0.6 (10:1 chloroform/methanol). 
MH+:317. 

1 H-NMR (DMSO-d 6 ; free form): 2.30 (1H, s), 2.91 (2H, t, J=5.8), 3.79 (2H ( s), 4.11 (2H, t, J=5.8), 6.77 (1H, dd, J=8.5, 
2.2), 6.96 (1H, d, J=2.2), 7.10 (1H, m), 7.20-7.44 (7H, m), 7.92-8.00 (2H, m), 11.09 (1H, s). 

Referential Example 2 

Alternative synthesis of N-benzyl-N-[2-(9H-carbazol-2-yloxy)ethyl]amine 
Step A. Synthesis of 2-(2-bromoethoxy)carbazole 

[0116] A mixture of 2-hydroxycarbazole (30 g; mfd. by Aldrich), potassium carbonate (113.1 g; mfd. by KANTO 
CHEMICAL) and 1 ,2-dibromoethane (211 mL; mfd. by TOKYO KASEI KOGYO) in 2-butanone (165 mL; mfd. by Wako 
Pure Chemical Industries) was stirred vigorously at a reflux temperature for 28 hours. The reaction solution was poured 
into water (1050 mL) ail at once and stirred. The precipitated crystal obtained by filtration was washed with water (1 
L) and 2-propanol (250 mL), and then dried under reduced pressure at room temperature to give the title compound 
(43.43 g) as a white solid. 
R f : 0.51 (1 :2 ethyl acetate/n-hexane). 

1 H-NMR (DMSO-d 6 ): 3.82-3.85 (2H, m), 4.36-4.43 (2H, m), 6.80 (1H, dd, J=8.5, 2.2), 6.99 (1H, d, J=2.2), 7.11 (1H, 
m), 7.29 (1H, m), 7.42 (1H, d, J=8.3), 7.98 (1H, d, J=8.5), 8.00 (1H, d, J=7.7), 11.13 (1H, s). 

Step B. Synthesis of N-benzyl-N-[2-(9H-carbazol-2-yloxy)ethyl1amine 

[01 17] A mixture of the compound (80 g; obtained from the step A above) in benzyl amine (270 mL; mfd. by TOKYO 
KASEI KOGYO) was stirred with heating at an internal temperature of 100°C for 4 hours. The reaction solution was 
poured into water (2.3 L) all at once and stirred for 30 minutes. The precipitated crystal obtained by filtration was then 
washed with water (1 .5 L) and 2-propanol (1 L), and dried under reduced pressure at room temperature to give the 
title compound (76.5 g). 
R f : 0.33 (1 :2 ethyl acetate/n-hexane). 

[01 1 8] The thus obtained compound showed the same NMR data with those of the compound of Referential Example 
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1. 

Example 1 

5 Synthesis of 2-[N-benzyl-N-[2-(9H-carbazol-2-yloxy)]ethyl] amino-l-(3-methylsulfonylamino)phenylethanone 
hydrochloride (Preparing Process 1) 

[0119] A solution of 2-bromo-1 -(3-methylsulfonylamino)phenylethanone (10 g; prepared according to the method 
reported by A. A. Larsen et al., J. Med. Chem. , 1 0, p. 462 (1 967)) in tetrahydrofuran (1 00 mL) was added dropwise to 

10 a solution of N-benzyl-N-[2-(9H-carbazol-2-yloxy)]ethylamine (21 .7 g; obtained from Referential Example) in tetrahy- 
drofuran (100 mL), followed by stirring overnight at room temperature. The precipitate was filtered off and the solvent 
was distilled off under reduced pressure. The residue was purified by silica gel column chromatography (eluent: 1:0 
to 50:1 chloroform/acetone) to give the title compound (16.80 g) as a white crystal. 
R f : 0.3 (20:1 chloroform/acetone). 

15 MH+: 529. 

[0120] The thus obtained compound in the free form was converted into its hydrochloride using 10% hydrochloric 
acid/methanol (mfd. by TOKYO KASEI KOGYO). 

1 H-NMR (CDC1 3 : hydrochloride): 2.99 (3H, s), 3.65-3.80 (2H, m), 4.46-4.70 (4H, m), 5.03-5.18 (2H, m), 6.58 (1H, d, 
J=8.8), 6.92 (1 H, s), 7. 1 0 (1 H, t, J=7.4), 7.29 (1 H, t, J=7.4), 7.41 -7.78 (1 OH, m), 7.91 (1 H, d, J=8.8), 7.98 (1 H, d, J=7.7), 
20 10.16 (1H, s), 10.80 (1H,s), 11.20 (1H,s). 

Example 2 

Synthesis of 2-[N-benzyl-N-f2-(9H-carbazol-2-yl oxy)]ethyl]amino 1 -(4-benzyloxy-3-methylsulfonylamino) 
25 phenylethanone (Preparing Process 1) 

[0121] A solution of 2-bromo-1-(4-benzyloxy-3-methylsulfonylamino)phenylethanone (10 g; prepared according to 
the method reported by A. A. Larsen et al., J. Med. Chem ., 10, p. 462 (1967)) in tetrahydrofuran (100 mL) was added 
dropwise to a solution of N-benzyl-N-[2-(9H-carbazol-2-yloxy)]ethylamine (15.9 g; obtained from Referential Example) 
30 in tetrahydrofuran (1 00 mL), followed by stirring overnight at room temperature. The precipitate was filtered off and the 
solvent was distilled off under reduced pressure. The residue was purified by silica gel column chromatography (eluent: 
1 :0 to 50:1 chloroform/acetone) to give the title compound (14.80 g) as a white crystal. 
R f : 0.3 (20:1 chloroform/acetone). 
MH+: 635. 

35 1 H-NMR (CDC1 3 ): 2.92 (3H, s), 3.03 (2H, m), 3.87 (2H, s), 4.11 (2H, s), 4.16 (2H m), 5.25 (2H. s), 6.74-8.05 (20H, 
m), 9.18 (1H,s), 11.05 (1H,s). 

Example 3 

40 Synthesis of (±)-2-(N-benzyl-N-[2-(9H-carbazol-2-yloxy)lethylLamino-1-(3-methylsulfonylamino)phenylethanol 
(Preparing Process 1) 

[0122] Sodium borohydride (1 .44 g; mfd. by KANTO CHEMICAL) was added to a solution of 2-[N-benzyl-N-[2-(9H- 
carbazol-2-yloxy)]ethyl]amino-1-(3-methylsulfonylamino)phenylethanone (10 g; obtained from Example 1) in ethanol/ 

45 tetrahydrofuran (1 :3; 200 mL) at 0°C. The mixture was stirred at the same temperature for 3 hours. To the reaction 
solution were added sequentially an excess amount of ethanol and 0.1 N hydrochloric acid, followed by stirring for 30 
minutes. The reaction mixture was then diluted with ethyl acetate and washed sequentially with saturated sodium 
bicarbonate water, water and saturated brine. After drying the organic layer on anhydrous sodium sulfate, the solvent 
was distilled off under reduced pressure. The residue was dried under reduced pressure to give the title compound 

50 (10.04 g) as an amorphas solid. 

R f : 0.33 (2:1 hexane/ethyl acetate). 
MH + :531. 

1 H-NMR (DMSO-d 6 ): 2.75 (2H, d, J=6.1), 2.91 (3H, s), 2.95-3.01 (2H, m), 3.80 (2H, brs), 4.02-4.09 (2H, m), 4.66-4.69 
(2H, m), 5.47 (1 H, brs), 6.73 (1 H, dd, J=8.4, 1 .9), 6.92 (1 H, d, J=2.0), 7.02-7.45 (7H, m), 7.93-8.00 (2H, m), 11 .06 (1 H, s). 

55 
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Example 4 

Synthesis of (R)-2-rN>benzyl-N>f2-(9H-carb a 2ol-2-vloxv))ethyl1amino 1 -(3>methvlsulfonvlamino)phenylethanol 
(Preparing Process 1 

[0123] Triethylamine (0.01 mL) was added to a solution of [Rh(cod)CI] 2 (87.4 mg; mfd. by Wako Pure Chemical 
Industries), the (2R, 4R) form (260.7 mg; mfd. by FUJI YAKUHIN) of a chiral phosphine ligand represented by the 
formula (16) and the hydrochloride (1 g; obtained from Example 1) in degassed methanol (3 mL) under an argon 
atmosphere, followed by stirring under a hydrogen atmosphere at atmospheric pressure at room temperature for 16 
hours. The solvent was distilled off under reduced pressure and the residue was dissolved in ethyl acetate, which was 
then washed sequentially with saturated sodium bicarbonate water and saturated brine. The organic layer was dried 
over anhydrous sodium sulfate and then the solvent was distilled off under reduced pressure. The residue was dried 
under reduced pressure to give the title compound (747 mg) as an oil. 

[0124] The thus obtained compound had a retention time in HPLC measurements identical to the retention time 
corresponding to one of the peaks of the compound obtained in Example 3. 
HPLC: Retention Time (R-form: 22.0 min (S-form: 1 9.2 min)) 

Column: CHIRALPAK AD (mfd. by DAICEL CHEMICAL INDUSTRIES; 4.6 mm ID x 250 mmV 
Solvent: 20/80 hexane/ethanol; 
Row rate: 0.5 mLVmin; 
Detecting wave length: 254 nm; 
Temperature: 40°C. 

Example 5 

Synthesis of (±)-2-(N-benzyl-N-r2-(9H-car bazol-2-yloxv)leth^ 

phenylethanol (Preparing Process 1) 

[0125] Sodium borohydhde (1.19 g; mfd. by KANTO KAGAKU KOGYO) was added to a solution of 2-[N-ben- 
zyl-N-[2-(9H-carbazol-2-yloxy)]ethyl]amino 1 -(4-benzyloxy-3-methylsulfonylamino)phenylethanone (10 g; obtained 
from Example 2) in ethanol/tetrahydrofuran (1 :3; 200 mL) at 0°C. The mixture was stirred at the same temperature for 
3 hours. To the reaction solution were added sequentially an excess amount of methanol and 0.1 N hydrochloric acid 
followed by stirring for 30 minutes. The reaction mixture was then diluted with ethyl acetate and washed sequentially 
with saturated sodium bicarbonate water, water and saturated brine. After the organic layer was dried on anhydrous 
sodium sulfate, the solvent was distilled off under reduced pressure. The residue was dried under reduced pressure 
to give the title compound (1 0.03 g) as an amorphas solid. 
R,: 0.25 (2:1 hexane/ethyl acetate). 
MH + : 637. 

1 H-NMR (CDC1 3 ): 2.8-2.9 (3H, m), 3.0-3.5 (2H, m), 3.5-3.8 (2H, m), 4.1-4.6 (5H, m), 4.9-5.0 (2H, m), 6.7-6.9 (4H m) 
7.0-7.1 (1H, m), 7.1-7.5 (11 H, m), 7.5-7.7 (2H, m), 7.8-8.0 (2H, m), 8.7-8.8 (1H, m). 

Example 6 

Synthesis of (R)-2-[N-ben2y{-N-r2-(9H-carb azol-2-vloxv)1ethyllamino- 1 (4-benzyloxv-3-methylsulfon ylamino) 
phenylethanol (Preparing Process 11 : — 

[0126] Triethylamine (0.01 mL) was added to a solution of [Rh(cod)CI] 2 (70.4 mg; mfd. by Wako Pure Chemical 
Industries), the (2R, 4R) form (220 mg; mfd. by FUJI YAKUHIN) of a chiral phosphine ligand represented by the formula 
(16)and2-[N-benzyl-N-[2-(9H-carbazol-2-yloxy)]ethyl]amino-1-(4-benzyloxy-3-methylsu 

hydrochloride (1 g; prepared from the compound 3 in the free form of Example 2 with 1 0% hydrochloric acid/methanol) 
in degassed methanol (3 mL) under an argon atmosphere, followed by stirring under a hydrogen atmosphere at at- 
mospheric pressure at room temperature for 16 hours. The solvent was distilled off under reduced pressure and the 
residue was dissolved in ethyl acetate, which was then washed sequentially with saturated sodium bicarbonate water 
and saturated brine. The organic layer was dried over anhydrous sodium sulfate and then the solvent was distilled off 
under reduced pressure. The residue was dried under reduced pressure to give the title compound (876 mg) as an oil 
[0127] The thus obtained compound had a retention time in HPLC measurements identical to the retention time 
corresponding to one of the peaks of the compound obtained in Example 5. 
HPLC: Retention Time (R-form: 35 min (S-form: 25 min)) 
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Column: CHIRALCEL OJ-R (mfd. by DAICEL CHEMICAL INDUSTRIES; 4.6 mm ID X 150 mm); 
Solvent: 75/25 aqueous 0.5 M sodium perchlorate solution/acetonitrile; 
Flow rate: 0.5 mL/min; 
Detecting wave length: 254 nm; 
5 Temperature: 40°C. 

Example 7 

Synthesis of (±)-2-fN-f2-(9H-carbazol-2-vloxy)1ethyl1amino-1 -(3-methylsulfonylamino)phenylethanol (Preparing 
10 Process 1) 

[0128] (±)-2-[N-benzyl-N-[2-(9H-carbazol-2-yloxy)]ethyl]amino-1 -(3-methylsulfonylamino)phenylethanol (10 g; ob- 
tained from Example 3) was dissolved in a mixed solvent of tetrahydrof uran (1 00 mL) and methanol (1 00 mL) , to which 
was added a palladium hydroxide/carbon catalyst (1 g; mfd. by nacalai tesque) under a nitrogen atmosphere. The 

is mixture was stirred overnight under a hydrogen atmosphere at atmospheric pressure at room temperature. After the 
catalyst was filtered off, the solvent was distilled off under reduced pressure. Crystal obtained by suction filtration was 
washed with a mixed solvent of tetrahydrof uran and methanol (1 :1). The crystal was dissolved in methanol (150 mL) 
and converted into its hydrochloride by adding 0.1 N hydrochloric acid/ethanol. The precipitated crystal was obtained 
by suction filtration. The thus obtained crystal was dried under reduced pressure with heating at 40°C to give the title 

20 compound in the form of hydrochloride (7.50 g) as a white crystal. 
R f : 0.3 (10:1 chloroform/methanol). 
MH-: 441 

[0129] The thus obtained compound was shown to be identical to the title compound prepared according to the 
known method (JP-A-9-249623) by the fact that they had the same retention time in HPLC measurements. 

25 

Example 8 

Synthesis of (R)-2-N-[2-(9H>carbazol-2-yloxy)]ethyl1amino-1 -(3-methylsulfonylamino)phenytethanol (Preparing 
Process 1) 

30 

[0130] The protecting group was removed from (R)-2-[N-benzyl-N-[2-(9H-carbazol-2-yloxy)]ethyl]amino-1 -(3-meth- 
ylsulfonylamino) phenylethanol (1 g; obtained from Example 4) according to the reaction conditions of Example 7 to 
give the title compound in the form of hydrochloride (0.75 g). 

[0131] The thus obtained compound was shown to be identical to the title compound prepared according to the 
35 known method (JP-A-9-249623) by the fact that they had the same retention time in HPLC measurements. 

Example 9 

Synthesis of (+ )-2-fN-f2-(9H-carbazol-2-yloxy)lethyl]amino-1 -(4-hydroxv-3-methvlsulfonylamino)phenylethanol 
40 (Preparing Process 1) 

[0132] (±)-2-[N-benzyl-N-[2-(9H-carbazol-2-yloxy)]ethyl]amino-1-(4-benzyloxy-3-methylsulfonylamino)phenyletha- 
nol (1 0 g; obtained from Example 5) was dissolved in a mixed solvent of tetrahydrof uran (100 mL) and methanol (100 
mL), to which was added a palladium hydroxide/carbon catalyst (1 g; mfd. by nacalai tesque) under a nitrogen atmos- 
45 phere. The mixture was stirred overnight under a hydrogen atmosphere at atmospheric pressure at room temperature. 
After the catalyst was filtered off, the solvent was distilled off under reduced pressure. 

The crystal obtained by suction filtration was washed with a mixed solvent of tetrahydrof uran and methanol (1 :1). The 
crystal was then dissolved in methanol (150 mL) and converted into its hydrochloride by adding 0.1 N hydrochloric 
acid/ethanol (mfd. by TOKYO KASEI KOGYO). The precipitated crystal was obtained by suction filtration. The thus 
so obtained crystal was dried under reduced pressure with heating at 40°C to give the title compound in the form of 
hydrochloride (6.96 g) as a white crystal. 
R f : 0.3 (10:1 chloroform/methanol). 
MH + : 493. 

[0133] The thus obtained compound was shown to be identical to the title compound prepared according to the 
55 known method (JP-A-9-249623) by the fact that they had the same retention time in HPLC measurements. 
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Example 1 0 

S <, I h ?K Pr , 0t< f inJ l 9r ° UPS W6re rem ° V6d fr ° m ( R )- 2 -f N - ben zyl-N-[2-(9H-carbazol-2-yloxy)]ethyl]amino-1 -(44>en- 

B^^^^^ ,n0 * hen ^ 0, 0 91 ° btained fr ° m EXamp ' e 6) aCCOrdi "9 t0 the <~*>" ™« *»» of 
hxample 9 to give the title compound in the form of hydrochloride (0.70 g) 

In? 51 i h , U ,l° btained com P° und was shown to be identical to the title compound prepared according to the 
known method (JP-A-9-249623) by the fact that they had the same retention time in HPLC measurements 

Example 11 
fpCSr^ 

mL ?wL t^T ° f 2 ' b ?T.' - I3 -< N - benz y , - N - meth y |sulf ony'amino)]phenylethanone (1 0 g) in tetrahydrofuran (1 00 
mL was added dropw.se to N-benzyl-2-ethanolamine (11.2 mL; mfd. by TOKYO KASEI KOGYO), followed by sti ring 
at room temperature for 1 6 hours. The reaction solution was diluted with ethyl acetate, washed sequentially with water 

a^LtuTZ ^ thSn dried ° Ver anhydr ° US S ° diUm SUlfate - After the solvent was distil.ed off under reduced 
S Tc h , h /"J!T reCrysta,li2ed from ethano1 10 9ive the title compound (11 .84 g) as a white crystal. 
n f . 0.2 (1 :1 hexane/ethyl acetate). 

MH + : 454. 

TZV^^f^Z T 2 ™ l2H ' m> ' 307 <3H s) ' 3 45 12H ' * 359 ,,H ' * J -"»- 4 08 

Example 12 

IZtl I T t fr0m / xample 11 > in dichloromethane (150 mL) was cooled to O'C, to which was added a solution of 
phosphorus nbrom.de m d.chloromethane (1 M; 110.5 mL; mfd. by A.drich), followed by stirring for 15 minutes The 

^rlstaZ^ro" f T Z° ^ 1 h ° Ur S0,V6nt W3S diSti " ed 0ff Under reduced P-ssure'and the residue was 
H *f r watf methanol to give the title compound in the form of hydrobromide (1 0.54 g) as a white crystal. 
M f . o.62 (3:1 hexane/ethyl acetate). 
M + :515. 

1 H-NMR (DMSO-d 6 ): 3.0-3.5 (7H, m), 3.5-4.5 (4H, m), 4.8-5.0 (2H, m), 7.1-8.0 (14H, m). 
Example 13 

rt5£S ° f 2 ^ N ;_ ben2 y | - N -f 2 -( 9 H - cart '^° '-2- V '°x y) leth v llamino-1 ■fS-fN-benzyl-N-methvl sulfonviamin^ 
phenylethanone (Preparing Process 2) u 

mnffh m A " aq ?,f,!, N . S ° diUm hydroxide solution (16.8 mL) was added to a mixed solution of 2-[N-benzyl-N-(2-bro- 
moethyl)]am.no-1-[3-(N-benzyl-N-methylsulfonylamino)]phenylethanone hydrobromide (10 g; obtained from Example 
12) and 2-hydroxycarbazole (4.61 g; mfd. by Aldrich) in water (50 mL) and tetrahydrofuran 050 mL) at Zl whfch 

ZH£Z b! 9 oT° m te ^n a Tl°J 2 h ° Urc - ThS S0 ' Vent W8S diSti,led ° ff Under reduced P ressure the residue was 
Sin ?, ? f mL) ' The ° rganiC ' ayer WaS se ^ entiall V washed with an aqueous 2 N sodium hydroxide 

riLTn' and J TT Sd bri0e (0nCe) ' 3nd W3S th6n dried ° Ver anh y drous sodium After the solvent 

. IS J' If , und " ; ed ".ced Pressure, the residue was purified by silica gel column chromatography (e.uent: 0:1 to 
1 .40 acetone/toluene) to give the title compound (9.32 g) as an oil. 
R f : 0.3 (1:30 acetone/toluene). 
MH + :619. 

KOGYOr f ° rm ^ """^ int ° " hydr0Chl0ride USin9 1 ° % hydr ° Ch,0riC 
iH-NMR (DMSO-d 6 ; hydrochloride): 3.12 (3H, s), 3.72 (2H, br), 4.46-4.68 (4H, m), 4.95 (2H, s), 5.12 (2H, br), 6.52 
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(1H, d, J=7.7), 6.95 (1H, d, J=1.9), 7.11 (1H,t, J=7.7), 7.16-7.34 (6H, m), 7.40-7.50 (4H, m), 7.54 (1H, t, J=8.2), 
7.66-7.78 (3H, m), 7.83 (1H, d, J=7.7), 7.85 (1H, d, J=8.5), 7.95-8.02 (2H, m), 10.79 (1H, br), 11.23 (1H, br). 

Example 14 

5 

Synthesis of 2-[N-ben2yl-N-[2-(9H-carbazol-2-yloxy)]ethyl]amino-1-[3-GN-benzyl-N-methylsulfonylam 
phenylethanone (Preparing Process 2) 

[0140] 1 ,r-(Azodicarbonyl)dipiperidine (8.36 g; mfd. by TOKYO KASEI KOGYO) was added to a solution of 2-[N- 
10 benzyl-N-(2-hydroxyethyl)]amino-1 -[3-(N-benzyl-N-methylsulfonylamino)]phenylethanone (1 0 g; obtained from Exam- 
ple 11), 2-hydroxycarbazole (6.07 g) and tri-n-butylphosphine (6.71 g; mfd. by TOKYO KASEI KOGYO) in tetrahydro- 
furan (200 mL), which was stirred at room temperature for 12 hours. The precipitated crystal was filtered off and the 
solvent was distilled off under reduced pressure. The residue was purified by silica gel column chromatography (eluent: 
0:1 to 1 :40 acetoneAoluene) to give the title compound (10.24 g) as an oil. 
15 [01 41 ] The thus obtained compound was shown to be identical to the title compound obtained in Example 1 3 by the 
fact that they had the same retention time in HPLC measurements. 

Example 15 

20 Synthesis of (±)-2-[N-f2-(9H-carbazol-2-yloxy)1ethyl1amino-1 -(3-methylsulfonylamino)phenylethanol (Preparing 
Process 2) 

[0142] The compound (5 g; obtained from Example 13) was subjected to the synthesizing procedure according to 
Examples 3 and 7 to give the title compound in the form of hydrochloride (3.77 g) as a white crystal. 
25 [0143] The thus obtained compound was shown to be identical to the title compound prepared according to the 
known method (JP-A-9-249623) by the fact that they had the same retention time in HPLC measurements. 

Example 16 

30 Synthesis of C±)-2-[N-benzyl-N-(2-bromoethyl)1amino-1-[3-(N-benzyl-N-methylsulfonylamino)]phenylethanol 
(Preparing Process 3) 

[0144] Sodium borohydride (1 .27 g; mfd. by KANTO CHEMICAL) was added to a solution of 2-[N-benzyl-N-(2-bro- 
moethyl)]amino-1-[3-(N-benzyl-N-methylsulfonylamino)]phenylethanone hydrobromide (10 g; obtained from Example 

35 12) in methanol (300 mL) at 0°C, which was stirred at the same temperature for 3 hours. To the reaction solution were 
added sequentially water (50 mL) and 0.1 N hydrochloric acid (50 mL), followed by stirring for 30 minutes. After the 
solvent was distilled off under reduced pressure, the precipitated crystal was recrystallized from water/methanol to 
give the title compound in the form of hydrochloride (8.82 g) as a white crystal. 
R f : 0.4 (2:1 hexane/ethyl acetate). 

40 MH+:518 

Example 17 

Synthesis of (R)>2-[N-benzyl-N-(2-bromoethyl)]amino-1-[3-(N-benzyl-N-methylsulfonylamino)]phenylethanol 
45 (Preparing Process 3) 

[01 45] The compound in the form of hydrobromide (1 g; obtained from Example 1 2) was treated according to Example 
4 to give the title compound in the form of hydrochloride (864 mg). 

1 H-NMR (CDCI 3 ): 2.39-2.48 (1H, m), 2.66-2.71 (1H, m), 2.85-2.94 (1H, m), 2.92 (3H, s), 2.99-3.08 (1H t m) t 3.40 (2H, 
50 t, d=6.4), 3.58 (1H, d, J=13.4), 3.84 (1H, s), 3.88 (1H, d, J=13.4), 4.59 (1H, dd, J=3.3. 10.1), 4.82 (2H, s), 7.12-7.39 
(14H m). 

Example 18 

55 Synthesis of (±)-2-[N-benzyl-N-[2-(9H-carbazol-2-yloxy)]ethyl1amino 1 -[3-(N benzyl-N-rnethylsulfonylamino)] 
phenylethanol (Preparing Process 3) 

[0146] An aqueous 2 N sodium hydroxide solution (45.1 mL) was added to a mixed solution of ( + )-2-[N«ben- 
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zyl-N-(2-bromoethyl)]amino-1-[3-(N-benzyl-N-methylsulfonylamino)]phenylethanol hydrochloride (10 g; obtained from 
Example 16) and 2-hydroxycarbazole (4.96 g) in water (50 mL) and tetrahydrofuran (150 mL) at -10°C, which was 
stirred at room temperature for 2 hours. The solvent was distilled off under reduced pressure and the residue was 
dissolved in toluene (200 mL). The organic layer was washed sequentially with an aqueous 2 N sodium hydroxide 
solution (four times) and saturated brine (once), and then dried over anhydrous sodium sulfate. After the solvent was 
distilled off under reduced pressure, the residue was purified by silica gel column chromatography (eluent: 0:1 to 1 20 
acetone/toluene) to give the title compound (6.22 g) as an oil. 
R,: 0.3 (1 :20 acetone/toluene) 

Example 1 9 

Synthesis of (±)-2-rN-r2-(9 H-carba2ol-2-yloxv)ethvllamino-1 -(3-methvlsulfonvlamino)phenylethanol (Preparing 
Process 3) 

[0147] The protecting groups were removed from (±)-2-[N-benzyl-N-[2-(9H-carbazol-2-yioxy)]ethyl]amino-1-[3-(N- 
benzyl-N-methyl8Ulfonytamino)]phenylethanol (5 g; obtained from Example 1 8) according to the reaction conditions of 
Example 7 to give the title compound in the form of hydrochloride (3.75 g). 

[0148] The thus obtained compound was shown to be identical to the title compound prepared according to the 
known method (JP-A-9-249623) by the fact that they had the same retention time in HPLC measurements. 

Example 20 

Synthesis of (±)-2-rN-benzvl^N-(2-hydroxv ethyl)]amino-1 -[3-(N>benzvl>N-methylsulfonylamino)lp henvlethanol 
(Preparing Process 4) " c z 

[0149] Sodium borohydride (1 .67 g; mfd. by KANTO CHEMICAL) was addedto asolution of 2-[N-benzyl-N-(2-hydrox- 
yethyl)]amino-1-[3-(N-benzyl-N-methylsulfonylamino)]phenylethanone (10 g; obtained from Example 11) in ethanol/ 
tetrahydrofuran (1 :3; 232 mL) at 0°C, which was stirred at the same temperature for 3 hours. To the reaction solution 
were added sequentially an excess amount of methanol and 0. 1 N hydrochloric acid, followed by stirring for 30 minutes 
The reaction solution was diluted with ethyl acetate, washed sequentially with saturated sodium bicarbonate water, 
water and saturated brine, and then dried over anhydrous sodium sulfate. After the solvent was distilled off under 
reduced pressure, the crystal obtained was dried under reduced pressure to give the title compound (10 06 a) as a 
white crystal. 

R f : 0.2 (1:1 hexane/ethyl acetate). 
MH + : 456 

1 H-NMR (CDC1 3 ): 2.55 (1H, dd, J=13.5, 9.3), 2.61-2.71 (2H, m), 2.76-2.86 (1H, m), 2.91 (3H, s), 3.54-3.72 (3H m) 
3.83 (1H, d, J=13.5), 4.61 (1H, dd, J=9.3, 3.9), 4.82 (2H. s), 7.10-7.37 (14H, m). 

Example 21 

Synthesis of (±)-2-fN-benz yI-N-[2-(9H-c^ 

phenvlethanol (Preparing Process 4) 

[01 50] 1,1 '-(Azodicarbonyl)dipiperidine (5.55 g) was added to a solution of (+)-2-[N-benzyl-N-(2-hydroxyethy l)]ami- 
no-1 -[3-(N-benzyl-N-methylsulfonylamino)]phenylethanol (1 0 g; obtained from Example 20), 2-hydroxycarbazole (4 03 
g) and tri-n-butylphosphine (4.45 g) in tetrahydrofuran (200 mL), which was stirred at room temperature for 12 hours 
The precipitated crystal was filtered off and the solvent was distilled off under reduced pressure. The residue was 
purified by silica gel column chromatography (eluent: 0:1 to 1 :20 acetone/toluene) to give the title compound (9 54 a) 
as an oil. fc a/ 

[0151] The thus obtained compound was shown to be identical to the compound obtained from Example 18 by the 
fact that they had the same retention time in HPLC measurements. 

Example 22 

Synthesis of (+ )-2-rN-benz vl-N-(2-bromoethyl)lamino-1 -r3-(N-benzvl-N-methvlsulfonvlam ino^phenvl e than Q l 
(Preparing Process 4) " 

[01 52] A solution of (±)-2-[N-benzyl-N-(2-hydroxyethyl)]amino-1 -[3-(N-benzyl-N-methylsulfonylamino)]phenyletha- 
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nol (1 0 g; obtained from Example 20) in dichloromethane (1 50 mL) was cooled to 0°C, to which was added a solution 
of phosphorus tribromide in dichloromethane (1 M; 66.0 mL; mfd. by Aldrich), followed by stirring for 15 minutes. The 
mixture was then stirred at 50°C for 1 hour. The solvent was distilled off under reduced pressure and the residue was 
recrystallized from water/methanol to give the title compound in the form of hydrobromide (9.87 g) as a white crystal. 

5 

Example 23 

Synthesis of±)-2-[N>benzyl>N>r2'(9H'Carbazol-2>yloxy)]ethvnamino-1-f3-(N-benzyl-N"methvtsulfonyamino)1 
phenylethanol (Preparing Process 4) 

w 

[0153] The compound in the form of hydrobromide (5 g; obtained from Example 22) was treated according to Example 
1 8 to give the title compound (3. 1 0 g). 

[0154] The thus obtained compound was shown to be identical to the compound obtained in Example 18 by the fact 
that they had the same retention time in HPLC measurements. 

15 

Example 24 

Synthesis of 2-[N'benzyl-N'(2-bromoethyl)]amtno-1>[3-(N-benz"l-N-methylsulfonylamino)1phenylethanone 
hydrochloride (Preparing Process 5) 

20 ^" """" " ' 

[0155] An aqueous 2 N sodium hydroxide solution (32.7 mL) was slowly added dropwise to a mixed solution of 
2-bromo-1-[3-(N-benzyl-N-methylsulfonylamino)]phenylethanone (5 g) and 2-bromoethylamine hydrobromide (13.40 
g; mfd. by TOKYO KASEI KOGYO) in tetrahydrofuran (90 mL) and water (10 mL) at room temperature, followed by 
stirring at the same temperature for 5 hours. The reaction solution was then adjusted to pH 1 with 3 N hydrochloric 

25 acid. The precipitated crystal was washed with water and dried under reduced pressure to give the title compound 
(3.02 g) as a white crystal. 
MH+: 426. 

Example 25 

30 

Synthesis of (R)-2-[N-(2-bromoethyl)1ethylamino-1 -f3-(N-benzyl-N-methylsulfonylamino)lphenylethanol hydrochloride 
(Preparing Process 5) 

[0156] The compound (1 .5 g; obtained from Example 24) was treated according to Example 4 to give the title com- 
35 pound in the form of hydrochloride (1 .37 g). 
MH + : 428. 

Example 26 

40 Synthesis of ("R1 -2-[N-(tert-butoxvcart3onyl)-N^ 

methylsulfonylamino)3phenyethanol (Preparing Process 5) 

[0157] Triethylamine (3.69 mL) was slowly added dropwise to a mixed solution of (R)-2-[N-[2-(9H-carbazol-2-yloxy)] 
ethyl]amino-1-[3-(N-benzyl-N-methyisulfonylamino)]phenylethanol hydrochloride (1 g; obtained from Example 25) and 

45 di-tert-butyl dicarbonate (5.78 g; mfd. by Wako Pure Chemical Industries) in water (50 mL) and methanol (150 mL) at 
0°C. The reaction solution was stirred overnight at room temperature and then the solvent was distilled off under 
reduced pressure. The residue was dissolved in ethyl acetate, washed sequentially with water and saturated sodium 
bicarbonate water, and then dried over anhydrous sodium sulfate. The solvent was distilled off under reduced pressure 
and the residue was recrystallized from ethanol to give the title compound (1.11 g) as a white crystal. 

50 R f : 0.5 (1:1 hexane/ethy I acetate). 
MH + :631. ■ 

Example 27 

55 Synthesis of (R)-[N-[2'(9H-carbazol'2-yloxy)lethyl1amino-1 -(3-methylsulfonylamino)phenylethanol (Preparing Process 
[0158] A 10% hydrochloric acid/methanol solution was added to a solution of (R)-2-[N-(tert-butoxycarbonyl) 
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-N-[2-(9H-carbazol-2-yfoxy)]ethyl] amino-1 -[3-(N-benzyl-N-methylsulfony!amino)]phenylethanol (1 g; obtained from 
Example 26) in methanol (200 mL) at 0°C, which was stirred at room temperature for 6 hours. 
The solvent was distilled off under reduced pressure. A crystal obtained by suction filtration was washed with methanol/ 
diethylether (1:1) and then dried under reduced pressure with heating (40°C) to give the corresponding BOC (tert- 
butoxycarbonyO-removed compound (872 mg; in the form of hydrochloride) as a white crystal. The said hydrochloride 
(500 mg) was dissolved in a mixed solvent of tetrahydrofuran (7.5 mL) and water (1.5 mL), to which was added a 
palladium hydroxide/carbon catalyst (50 mg) under a nitrogen atmosphere. The mixture was stirred overnight under a 
hydrogen atmosphere at atmospheric pressure at room temperature. After the catalyst was filtered off, the solvent was 
distilled off under reduced pressure. A crystal obtained by suction filtration was washed with methanol and then dried 
under reduced pressure with heating (40°C) to give the title compound in the form of hydrochloride (391 mg) as a white 
crystal. 



R f : 0.5 (10:1 chloroform/methanol). 
MH+:441. 



[0159] The thus obtained compound was shown to be identical to the title compound prepared according to the 
known method (JP-A-9-249623) by the fact that they had the same retention time in HPLC measurements. 



Example 28 



Synthesis gLgJ!±benz^M ^ 

phenylethanone hydrochloride (Preparing Process 1) 

Step A. S ynthesis of 1 'f3-(N>ben2yl-N-methylsulfonylamino)lphenvlethanone 

[01 60] 1 -[3-(N-methylsulfonylamino))phenylethanone (90.68 g; prepared according to the method reported by A. A. 
Larsen et al. t J. Med. Chem., 9, pp. 88-97 (1 966)) was dissolved in acetone (639.6 mL) at 23°C, to which was added 
anhydrous potassium carbonate (66.0 g). Benzyl bromide (56.6 mL; mfd. by Wako Pure Chemical Industries) was 
added all at once to the mixture with stirring. Subsequently, sodium iodide (13.01 g; mfd. by Wako Pure Chemical 
Industries) was added to the mixture, which was heated to reflux with stirring vigorously. After 2 hours, anhydrous 
potassium carbonate (29.4 g) and sodium iodide (32 g) were added to the mixture, which was further stirred. After 
further 1 hour, anhydrous potassium carbonate (29.4 g) and sodium iodide (32 g) were added to the mixture, which 
was stirred vigorously at the same temperature for 13.5 hours. The mixture was allowed to cool to 43°C and purified 
water (1 090 mL) was then added ail at once. The mixture was stirred vigorously and then extracted with ethyl acetate 
(495 mL). The organic layer was separated, washed with saturated brine (495 mL) and dried over anhydrous magne- 
sium sulfate (90 g) for 0.5 hour. After the drying agent was filtered off, the solvent was distilled off under reduced 
pressure. The thus obtained crude product (139.42 g) was suspended in ethyl acetate (343 mL), to which was added 
n-hexane (445 mL) with heating under reflux. Further, ethyl acetate (20 mL) was added to the mixture with heating 
under reflux to completely dissolve the crude product, which was then recrystallized with stirring under ice coolinq to 
give the title compound (71 .71 g). 
R f : 0.44 (1:1 ethyl acetate/n-hexane). 

1 H-NMR (CDCI 3 ): 2.55 (3H, s), 2.97 (3H, s), 4.88 (2H, s), 7.20-7.30 (5H, m), 7.41 (1H, m), 7.46 (1H, dt, J=8.2 1 9) 
7.81-7.86 (2H, m). 

Step B. Sy nthesis of 2-bromo-1-f3-(N-benzvi-N-methylsulfonyl-amino)1phenylethanone 

[0161] The compound (71 .21 g; synthesized in Step A) was dissolved in methanol (3.94 L), to which was added all 
at once tetra-n-butylammonium tribromide (127g; mfd. by Aldrich). After stirring at room temperature for 13 hours, a 
mixed solution of 47% hydrobromic acid (985 mL) and purified water (985 mL) was added ail at once to the mixture, 
which was further stirred for 1 hour while maintaining the internal temperature at 35 to 40°C. Purified water (985 mL) 
was added to the mixture, which was slowly cooled down to a internal temperature of 30° with stirring vigorously over 
3 hours and was then further cooled down to 5°C followed by further stirring for 2 hours. The precipitated crystal 
obtained by filtration was washed twice with a mixed liquid (2.5 L) of methanol and water. The wet crystal was dried 
under reduced pressure at 50°C for 24 hours to give the title compound (73.80 g). 
R f : 0.46 (1 :1 ethyl acetate/n-hexane). 

1 H-NMR (CDCI3): 2.98 (3H, s), 4.36 (2H, s), 4.89 (2H, s), 7.20-7.30 (5H, m), 7.44 (1H, t, J=8.0), 7.51 (1H dt J=8 0 
1.7), 7.84-7.89 (2H, m) 
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Step C. Synthesis of 2-fN-benzyl-N-f2-(9H-carbazol-2-yloxv)]ethyl]amino H3-(N-benzyl-N-methvlsulfonvlamino)] 
phenylethanone monohydrochloride 

[01 62] The compound (40.26 g; obtained from Reference Example) was added to a solution of the compound (22.94 
5 g; obtained from Step B) in tetrahydrof uran (1 .57 L), which was stirred overnight. After the precipitate was filtered off, 
concentrated hydrochloric acid (7.2 mL) was added to the mixture. The precipitate was filtered and the filtrate was then 
concentrated and kneading washed with 2-propanol (720 mL) to give a crude product. This was further kneading 
washed with methanol (275 mL), filtered and dried under reduced pressure at 40°, and then further kneading washed 
with methanol (180 mL), filtered and dried under reduced pressure at 40°C to give the title compound (20.54 g). 
10 R f : 0.43 (1:1 ethyl acetate/n-hexane). 

1 H-NMR (DMSO-d 6 ; hydrochloride): 3.12 (3H, s), 3.72 (2H, br), 4.46-4.68 (4H, m), 4.95 (2H, s), 5.12 (2H, br), 6.52 
(1 H, d, J=7.7), 6.95 (1 H, d,1 =1 .9), 7.1 1 (1 H, t, J=7.7), 7.1 6-7.34 (6H, m), 7.40-7.50 (4H, m), 7.54 (1 H, t, J=8.2), 7.66-7.78 
(3H, m), 7.83 (1H, d, J=7.7), 7.85 (1H, d, J=8.5), 7.95-8.02 (2H, m), 10.79 (1H, br), 11.23 (1H,br). 

15 Example 29 

Synthesis of (R)-2-[N-benzyl-N-[2-(9H-carbazol-2-y]oxyl]ethyl1amino-1-[3-(N-benzyl-N-methylsulfonylamino)] 
phenylethanol (Preparing Process 1) 

20 [0163] The compound obtained from Example 28 was treated according to Example 4 to give the title compound. 
R f : 0.27 (1:1 n-hexane/ethyl acetate). 

1 H-NMR (DMSO-d 6 ): 2.65-2.72 (2H, m), 2.91 (2H, m), 3.05 (3H, s), 3.76 (2H, br, s), 3.95-4.03 (2H, m), 4.65-4.73 (1H, 
m), 4.82 (2H, s), 5.15 (1H, d ( J=3.6), 6.72 (1H, dd, J=8.5, 2.2), 6.90 (1H, d, J=2.2), 7.08-7.37 (16H, m), 7.42 (1H, d, 
J=8.0), 7.95 (1H, d, J=8.5), 7.99 (1H, d, J=7.7), 11.08 (1H, s). 
25 HPLC: Retention Time (R-form: 25.0 min (S-form: 18.2 min)) 

Chiral column: CHIRALCEL OJ-R(mfd. by DAICEL CHEMICAL INDUSTRIES; 4.6 mm ID x 150 mm); 
Solvent: 30/70 0.5 M NaCl0 4 aqVacetonitriie; 
Flow rate: 0.5 mL/min; 
30 Detecting wave length: 233 nm; 

Temperature: 40°C. 

Example 30 

35 Synthesis of (R)-2-[N-[2-(9H-carbazoi-2-yloxy)]ethyl]amino-1 -(3-methylsulfonylamino)phenylethanol (Preparing 
Process 1) 

[0164] The protecting group was removed from (R)-2-[N-benzyl-N-[2-(9H-carbazol-2-y!oxy)]ethyl]amino-1-(3-meth- 
ylsulfonylamino)phenylethanol (1 g; obtained from Example 29) according to the reaction conditions of Example 7 to 
40 give the title compound in the form of hydrochloride (0.7 g). 

[0165] The thus obtained compound was shown to be identical to the title compound prepared according to the 
known method (JP-A-9-249623) by the fact that they had the same retention time in HPLC measurements. 

Example 31 

45 

Synthesis of 2-[N-benzyl-N-[2-(9H-carbazol-2-yloxy)1 ethyllamino 1 -(4-chloro-3-methvlsulfonylamino)phenytethanone 
(Preparing Process 1) 

[0166] A solution of N-benzyl-N-[2-(9H-carbazol-2-yloxy)]ethylamine (51 .1 g; obtained from Reference Example) in 
so tetrahydrof uran (1.53 L) was added dropwise to a solution of 2-bromo-1-(4-chloro-3-methylsulfonylamino)phenyleth- 
anone (25 g; prepared according to the method reported by A. A. Larsen et al., J. Med. Chem ., 10, p. 462 (1967)) in 
tetrahydrofuran (382 mL), which was stirred overnight at room temperature. The precipitate was filtered off and the 
solvent was distilled off under reduced pressure. The residue was purified by silica gel column chromatography (eluent: 
5:1 to 1 :1 hexane/ethyl acetate). After the eluate was concentrated, the crystal was washed with a mixed solvent of 
55 hexane and ethyl acetate (1 :1) to give the title compound (17.46 g) as a pale cream crystal. 
R f : 0.42 (1:1 hexane/ethyl acetate). 
MH + : 547 

1 H-NMR (CDCl 3 ): 3.00-3.08 (5H, m), 3.88 (2H, s), 4.15 (2H, t, J=5.5), 4.18 (2H, s), 6.65 (1H, dd, J-2.2. 8.5), 6.90 (1H, 
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d, J=2.2), 7.10 (1H, t, J=7.4), 7.25-7.42 (8H, m), 7.63 (1H, d, J=8.5), 7.83 (1H, dd, J-2.2, 8.5), 7.91 (1H, d, J=8.5), 
7.97 (1H,d, J=8.5), 7.99(1 H, d, J=2.2). ^ 

Example 32 

Synthesis of (R)-2-fN-b enzyl-N-r2-(9H-carba2ol-2-yloxy)lethvl1amino-1 -(4- chloro-3-methylsulfonylamino) 
phenylethanol (Preparing Process 1) 

[0167] The compound obtained from Example 31 was treated according to Example 4 to give the title compound 
R f : 0.40 (1:1 ethyl acetate/n-hexane). 
MH+: 486 

1 H-NMR (CDCI 3 ): 2.68 (1 H, dd, J=12.8, 10.2), 2.84 (1H, dd J-13.0, 3.4), 3.01 (1 H, dt, J=5.0, 14.2), 3.14 (1H, dt, J=5.9, 
14.2), 3.72 (1H, d, J=13.5), 3.96 (2H, m), 4.11 (2H, m), 4.61 (1H, dd, J=3.4, 10.0), 6.60 (1H, dd, J=2.0, 8.2), 6.76 (1H 
d, J=2.0), 6.86 (2H, m), 7.14-7.37 (9H, m), 7.90-7.98 (3H, m). 
HPLC: Retention Time (R-form: 22.0 min (S-form: 27.6 min)) 

Chiral column: CHIRALPAK AD(mfd. by DAICEL CHEMICAL INDUSTRIES; 4.6 mm ID x 250 mm); 
Solvent: 20/80 n-hexane/ethanol; 
Flow rate: 0.5 mL/min; 
Detecting wave length: 254 nm; 
Temperature: 40°C. 

Example 33 

Synthesis of (R)-2-rN-r2 -(9H-caroazol-2-vloxv)te^ 

(Preparing Process 1) 

[0168] The protecting group was removed from (R)-2-[N-benzyl-N-[2-(9H-carbazol-2-yloxy)]ethyl]amino-1-(4-chloro- 
3-methylsulfonylamino)phenylethanol (1 g; obtained from Example 32) according to the reaction conditions of Example 
7 to give the title compound in the form of hydrochloride (0.65 g). 

[0169] The thus obtained compound was shown to be identical to the title compound prepared according to the 
known method (JP-A-9-249623) by the fact that they had the same retention time in HPLC measurements. 

Example 34 

Synthesis of 2-[N-benzvl -N-r2-(9H-carbazoN 

phenyletbanone monohvdrochioride (Preparing Process 1) ~ . — ~ - ~ ^ 

Step A. Sy nthesis of 1-r4-chloro-3-(N-benzvl-N-methylsulfonvl-amino)1phenvlethanone 

[0170] 1-[4-Chloro-3-(N-methylsulfonylamino)]phenylethanone (90.68 g; synthesized by the method disclosed in WO 
97/2531 1 ) was dissolved in DMF (50 mL) at 23°C, to which was added anhydrous potassium carbonate (31 .7 g). Benzyl 
bromide (21 .6 g; mfd. by Wako Pure Chemical Industries) was added all at once to the mixture with stirring, which was 
then stirred vigorously at the same temperature for 2.5 days. After purified water (200 mL) was added all at once and 
stirred vigorously, the mixture was extracted with ethyl acetate (200 mL) and n-heptane (50 mL). The organic layer 
was separated, washed with purified water (100 mL; twice) and saturated brine (200 mL) and dried over anhydrous 
sodium sulfate. After the drying agent was filtered off, the solvent was distilled off under reduced pressure. The thus 
obtained crude product was purified by column chromatography on silica gel (1 .5 kg) and the title compound (27.63 
g) was obtained as a pale yellow oil from the fraction eluted with ethyl acetate/n-hexane (1 :4 to 3:7). 
R f : 0.43 (1:1 ethyl acetate/n-hexane). 

1 H-NMR (CDCI3): 2.40 (3H, s), 3.08 (3H, s), 4.58 (1H, br), 5.09 (1H, br), 7.22-7.32 (5H, m), 7.53 (1H, d, J*8.2) 7 56 
(1 H, d, J=2.2), 7.82 (1 H, dd, J=8.2, 2.2). 

Step B. Sy nthesis of 2-bromo-1 -[4-chloro-3-(N-benzyl-N-methylsulfonylamino)]phenylethanone 

[0171] The compound (58.31 g; obtained from Step A) was dissolved in 1,4-dioxane (583.1 mL), to which tetra-n- 
butylammonium tribromide (91.55 g; mfd. by TOKYO KASEI KOGYO) was added all at once. The reaction solution 
was stirred at room temperature for 15 hours, and then concentrated under reduced pressure. The thus obtained 
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residue was purified twice by column chromatography on silica gel (1.0 kg) and the title compound (54.26 g) was 
obtained from the fraction eluted with ethyl acetate/n-hexane (1 :5 to 1 :2). 
R f : 0.44 (1 :1 ethyl acetate/n-hexane). 

1 H-NMR (CDCIg): 3.09 (3H, s), 4.21 (2H. br-s), 4.60 (1 H, br), 5.1 1 (1 H, br), 7.22-7.32 (5H, m), 7.57 (1 H, d, J=8.5), 7.61 
5 (1 H, d, J=2.2), 7.87 (1H, dd J=8.5, 2.2). 

Step C. Synthesis of 2-rN-benzvl-N-f2-(9H-carba2ol-2-vtoxv)1ethynamino>1 - [4-chloro-3-(N-benzyl-N- 
methylsulfonyiamino)lphenylethanone monohydrochloride 

10 [0172] The compound (34.1 7 g; obtained from Step B) was reacted with N-benzyl-N-[2-(9H-carbazol-2-yloxy)]ethyl- 
amine (54.48 g; obtained from Reference Example) according to the synthesizing method of Example 31 . The reaction 
product was purified by silica gel column chromatography (eluent: 1 :4 to 3:7 ethyl acetate/n-hexane) and then solidified 
as its hydrochloride, which was kneading washed with 2-propanol and then dried under reduced pressure to give the 
title compound (17.64 g). 

15 R f : 0.51 (1 :1 ethyl acetate/n-hexane). 

1 H-NMR (DMSO-d 6 ; hydrochloride): 3.27 (3H, s), 3.72 (2H, m), 4.49-4.72 (4H, m), 4.93 (2H, m), 5.16 (2H, br), 6.55 
(1H, d, J=8.0), 6.97 (1H, d, J=1.9). 7.11 (1H, t, J=7.7), 7.18-7.35 (6H, m), 7.39-7.58 (4H, m), 7.65-7.78 (3H, m), 7.83 
(1 H, d, J=8.5), 7.89 (1 H, d, J=8.5), 7.98 (1 H, d, J=7.7), 8.08 (1 H, s), 11 .01 (1 H, br), 11 .27 (1 H, s). 

20 Example 35 

Synthesis of (R)>2-rN-benzyi-N-r2-(9H-carbazol-2-yloxy)1ethynamino- 1-[4-chloro-3-(N-benzyl-N- 
methylsulfonylamino)lphenylethanol (Preparing Process 1) 

25 [0173] The compound obtained from Example 34 was treated according to Example 4 to give the title compound. 
R f : 0.64 (1 :1 ethyl acetate/n-hexane). 

1 H-NMR (CDCI3): 2.91 (2H, m), 3.16 (3H, s), 3.75 (2H, m), 4.02 (2H, m), 4.61-4.82 (4H, m), 5.23 (1H, m), 6.72 (1H, 
dd, J=8.5, 2.2), 6.92 (1H, d, J=2.2) ( 7.07-7.44 (16H, m), 7.93-8.01 (2H, m), 11.07 (1H, s). 
HPLC: Retention Time (R-form: 27.0 min (S-form: 20.9 min)) 

30 

Chiral column: CHIRALCEL OJ-R(mfd. by DAICEL CHEMICAL INDUSTRIES; 4.6 mm ID x 150 mm); 
Solvent: 30/70 0.5 M NaCI0 4 aq./acetonitrile; 
Flow rate: 0.5 mL/min; 
Detecting wave length: 233 nm; 
35 Temperature: 40°C. 

Example 36 

Synthesis of (R)-2-rN-r2-(6-hvdroxv-9H-carbazol-2-yloxv)1ethyllamino-1-(3-methylsulfonvlamino)p henylethanol 
40 hydrochloride (Preparing Process 4) 

Step A. Synthesis of 2-methoxy-6-hydroxycarbazole 

[0174] 2-Nitro-4-methoxyaniline (16.8 g) was added to water (30 mL) and concentrated hydrochloric acid (1 60 mL). 

45 The mixture was stirred at room temperature for 20 minutes and further at 70°C for 75 minutes. An aqueous solution 
(30 mL) containing sodium nitrite (11 .5 g) was added dropwise to the reaction solution while the reaction solution was 
maintained at a temperature of 5°C or less by ice cooling. After the adding was completed, the reaction solution was 
stirred for 1 hour while maintained at 1 0°C. The reaction solution was filtered and the residue was washed with water 
(50 mL). The filtrate was cooled with ice, to which a mixed aqueous solution (120 mL)of sodium hydrogencarbonate 

so (123 g) and 1 ,4-benzoquinone (12.3 g) was added dropwise over 1 hour. After the adding was completed, the reaction 
solution was stirred for 4 hours with ice cooling and then filtered. The thus obtained crystal was washed with water, 
dried, and then dissolved in methanol (200 mL) and acetic acid (20 mL). 1 0% Palladium/carbon (1 .0 g) was added to 
the mixture, which was stirred under a hydrogen atmosphere at room temperature for 3 hours. The reaction solution 
was filtered'and the residue was washed with methanol (30 mL). Concentrated aqueous ammonia (50 mL) was added 

55 dropwise to the filtrate with ice cooling over 5 minutes. After the adding was completed, the reaction solution was 
allowed to warm to room temperature and stirred for 12 hours. The reaction solution was filtered and the crystal was 
washed with water and then dried under reduced pressure. The thus obtained crude product was purified by silica gel 
column chromatography (eluent: 3:1 to 0:1 hexane/ethyl acetate) to give the title compound (2.71 g). 
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R f : 0.38 (1:1 ethyl acetate/n-hexane). 

1H-NMR (DMSO-d 6 ): 3.82 (3H, s), 6.68 (1H, dd, J=2.2, 8.5), 6.77 (1H. dd, J=2.2, 8.5), 6.88 (1H, d J=2 2) 7 20 MH 
d,J=8.5), 730 (1H.d,J=2.2), 7.83 (1H,d,J=8.5), 8.82 (1H,br), 10.73 (1H,br). ( ' 

Step B. Synthesis of 2-methoxv-6-benzyloxycarbazole 

S^HH 1 !!* C ° mP ° Und (3 9 ° 91 s y nthesi2ed in Ste P A > w ^s dissolved in acetone (90 mL) and DMF (6 mL), to which 
for? 5 h 01 ?r P p T fT & (101 9) and b6nZyl br ° mide (312 9>- The mixture was stirred « ~om temperature 
Z w t Sl!f* T' de 0 56 9) WaS added t0 thC mixture which was further st '^ ed * room temperature for 24 
" ? "V™ add6d l ° reaCti ° n SOlUti ° n - The P reci P iteted crystal obtained by filtration was washed 
with water and then dr.ed in vacuo. The thus obtained crude product was added to ethyl acetate (40 mL) which was 
^stirred for 1 0 minutes. The crystal obtained by filtration was dried under reduced pressure to give the title compound 
R f : 0.66 (1:1 ethyl acetate/n-hexane). 

1 H-NMR(DMSO-d 6 ): 3.83 (3H,s), 5.16 (2H,s), 6.73 (1 H, dd, J=2.2, 8.5), 6.92 (1H d J=2 2) 6 99 (1H dd J-2 S r «n 
7.30-7.43 (4H, m), 7.50-7.52 (2H. m), 7.67 (1H. d, J=2.2), 7.92 (1H. d, J=8 5), 10.90 (1 H br) 

Step C. Synthesis of 2-hydroxv-6-benzyloxycarbazole 

S 7?L Ji 16 °J!!T^ d (5 93 9: ° btained fr ° m St6p B) WaS dissolv ^ in DMSO (110 mL), to which sodium cyanide 
whLh w^ th! 5 ? ?*T T? Stirr6d 8t 1 7 °° C f ° r 7 h0UrS - Water (1 50 mL > was added to the taction solution, 

2 SLoof, th 6 f fa< : , 6thyl aCetate ' ThS ° rganiC layer Was washed with water and *en dried, followed by 
distilling off the solvent under reduced pressure. 

The residue was purified by silica gel column chromatography (eluent: 1 :1 hexane/ethyl acetate) to give the 1 : 1 mixture 
(1 .24 g) of the title compound and 2-methoxy-6-hydroxycarbazole. 
R f : 0.69 (1:1 ethyl acetate/n-hexane). 

T h o I 01 ^" 19 iS 3 SPeCtra ' data ° f 2 - h y drax y-6-benzyloxycarbazole. 1 H-NMR (DMSO-d 6 ): 5.15 (2H, s) 6 59 (1H dd 
7.60 (1H,d,J=2.5), 7.80 (1H,d,J=8.2), 9.35 (1H,br), 1 0.72(1 H, br). 

Step D. Synthesis of (R)-2-rN-benzvl-N-f2-(6-benz v loxv-9H-carbazo|.2-yloxv)lethvn a mino-1-f3-(N-be nzvl-N- 
methylsulfonylamino)1phenylethanol 1 — s 2 

5,° 177l .u ™ecompoundobtainedfrom Example 11 was reduced according to Example4to give(R)-2-[N-benzyl-N-(2-hy- 
droxyethyl)]am,no-1-[3-(N-benzyl-N-methylsulfonylamino)]phenylethanol Y ( y 

h «T° SU f inimide (2 ° 4 9: mfd - by TOKY ° KASEI KOGYO > was added t0 a solu «°" °' above obtained 
anTfi 2 ; tn P ^"y'Ph^Ph'ne (2.98 g; mfd. by Wako Pure Chemical Industries) in dehydrated dichlorometh- 
ane 1 00 mL) at -15 C, which was then stirred for 1 0 minutes (bromine-form: R,=0.91 (1 :9 methanol/chloroform)) The 
aTdlhe^nceZlte?' ^ reaCti ° n Pr ° dUCt W3S pUrified by silica 9 el column < e,uent : 4:1 to 2:1 n-hexane/ethyl acetate) 

Sll 9 i ThS J :1 miXt ^ 6 ° f 2 - h y drox y- 6 - benz y |o xycarbazole and 2-methoxy-6-hydroxycarbazole (1 .0 g; obtained from 
Step C) was dissolved ,n tetrahydrofuran (25 mL), to which an aqueous 2 N sodium hydroxide solution (3.45 mL) was 
added at room temperature. * ' 

Km! i 7° thismixturewas addedal1 at once a previously prepared solution of the said bromine-form in tetrahydrofuran 
(25 mL) followed by stirring at room temperature for 17 hours. The solvent was distilled off under reduced pressure 

ITS^J*^ T!^ 6thyl aCetate> W8Shed se ^ uen tia»y with an aqueous 2 N sodium hydroxide solution and 
I^t ?1 1"! Tk / ; e i 8olvent was disti,,ed off - the residue was purified by silica gel column chromatography 
? m k , m ,; 1 ,! ,exane/eth y | acetat e) to give the 1 :1 mixture (2.71 g) of the title compound and a by-product, (R)- 
2 o N-benzyl-N-[2-(2-methoxy-9H-carbazol-6-yloxy)]ethyl)amino-1-[3-(N-benzyl-N-methy S ulfonylamino)]phenyletha- 



Step E. Synthesis of (R)-2-fN-f 2-(6-hydrox y -9 H-carbazol-2-vloxv)lethvllamino-1 -(3-methvl S ulfon V laminn> 
phenylethanol hydrochloride 1 

[0181] The mixture (2.4 g) of (R)-2-[N-benzyl-N-[2-(6-benzyloxy-9H-carbazol-2-yloxy)]ethyl]amino-1-[3-(N-benzvl-N- 
me hylsulfonylamino)]phenylethanol and the said by-product was dissolved in a mixed solvent of tetrahydrofuran (35 
mL) and methanol (35 mL), to which acetic acid (2.4 mL) was added. After 20% palladium hydroxide/carbon (1 2 q) 
was added to the mixture under an argon atmosphere and the atmosphere was replaced with hydrogen, the resulting 
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mixture was stirred for 1 5 hours. The catalyst was filtered and washed. The filtrate was placed under reduced pressure 
to distill off the solvent. The residue was purified by silica gel column chromatography (eluent: 19:1 to 8:1 chloroform/ 
methanol). An alcoholic 0.5 N hydrochloric acid (3.9 mL) was added to the fraction containing the title compound in 
the free form and the mixture obtained was concentrated. The precipitated crystal obtained by filtration was washed 
with cooled methanol and then dried to give the title compound (370 mg). 

1 H-NMR (DMSO-d 6 ): 3.00 (3H, s), 3.05-3.53 (4H, m), 4.33-4.42 (2H, m), 5.02 (1H, d, J=9.6), 6.27 (1H, br), 6.75 (1H 
dd, J=2.2, 8.5), 6.80 (1 H, dd,J=2.2, 8.5), 6.95 (1 H, d, J=2.2), 7.1 3-7.24 (3H, m), 7.31 -7.39 (3H, m), 7.88 (1 H, d, J=8 5)' 
8.88 (1H, br), 8.99 (1H, br), 9.24 (1H, br), 9.86 (1H, br), 10.85 (1H, br). 

[0182] All the publications, patents and patent applications cited herein are incorporated herein by reference in their 
entirety. 



wherein R 1 represents a lower alkyl group or a benzyl group; R 2 represents a hydrogen atom, a halogen atom or 
a hydroxy! group; *1 represents an asymmetric carbon atom; and A represents one of the following groups: 



wherein X represents NH, O or S; R 6 represents a hydrogen atom, a hydroxyl group, an amino group or an 
acetylamino group; and *2 represents an asymmetric carbon atom when R 6 is not a hydrogen atom, 
which comprises the following steps (a) to (c): 



Claims 



1. A process for the preparation of a compound of the formula (1): 




d) 




i ) reacting a compound of the formula (4): 




r3 „nso 2 r 



wherein R 1 is as defined above; R 21 represents a hydrogen atom, a halogen atom, a hydroxyl group or a 
protected hydroxyl group; R 3 represents an amino-protecting group or a hydrogen atom, with a compound 
of the formula (12): 



35 



EP1 174 425 A1 
H 

R 4^N^^ 0 .A' ( 12 ) 

wherein R 4 represents an amino-protecting group [or a hydrogen atom]; and A' represents one of the 
following groups: 

wherein X represents NH, O or S; R 61 represents a hydrogen atom, a protected hydroxyl group, a protected 
amino group or an acetylamino group; and *2 represents an asymmetric carbon atom when R 61 is not a 
hydrogen atom, to give a compound of the formula (3): 




wherein R 1 , R 21 , R 3 R 4 and A' are as defined above; or 

ii) coupling a compound of the formula (4) with a compound of the formula (14): 



R 4.N^^ OH (14) 

wherein R 4 is as defined above, to give a compound of the formula (6): 




wherein R 1 , R 21 , R 3 and R 4 are as defined above; or 

iii) further converting the primary hydroxyl group of the compound of the formula (6) into a leaving group 
B 3 to give a compound of the formula (5): 
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wherein R 1 , R 21 , R 3 and R 4 are as defined above, and B 3 represents a leaving group; or 

iv) further reacting the resulting compound of the formula (5) with a compound represented by A'-OH 

wherein A' is as defined above to give a compound of the formula (3); 

(b) then reducing the resulting compound of any one of the formulae (3), (5) and (6) to give a compound of 
the formula (2) as follows: 

i) reducing the compound of the formula (3) to give an amino-alcohol of the formula (2): 




wherein Ri, R21, r3 r* and A . are as de fj n ed above, and *1 represents an asymmetric carbon atom; or 
ii) reducing the compound of the formula (5) to give a compound of the formula (7): 




wherein R 1 , R21, R3 R4 an d B 3 are as defined above, and *1 represents an asymmetric carbon atom, or 
iii) reducing the compound of the formula (6) to give a compound of the formula (8): 




wherein R 1 , R21, R3 and R 4 are as defined above, and *1 represents an asymmetric carbon atom, and con- 
verting the primary hydroxyl group of the resulting compound of the formula (8) into a leaving group B 3 to give 
a compound of the formula (7), then reacting the compound of the formula (7) obtained by either step as set 
forth above with a compound represented by A'-OH wherein A' is as . defined above to give an amino-alcohol 
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of the formula (2); and 

(c) simultaneously or sequentially removing the protecting groups of the compound of the formula (2) obtained 
by any one of processes as set forth above to give a compound of the formula (1). 

A process for the preparation of a compound of the formula (1 ): 




NHS0 2 R 1 



(1) 



wherein R 1 represents a lower alkyl group or a benzyl group; R 2 represents a hydrogen atom, a halogen atom or 
a hydroxyl group; *1 represents an asymmetric carbon atom; and A represents one of the following groups: 



xxcf- xx& 



wherein X represents NH, O or S; R 6 represents a hydrogen atom, a hydroxy! group, an amino group or an 
acetylamino group; and *2 represents an asymmetric carbon atom when R 6 is not a hydrogen atom, 
which comprises the following steps (a) to (c): 

(a) reacting a compound of the formula (4): 




(4) 



i3 ^nso 2 r 1 



wherein R 1 is as defined above; R 21 represents a hydrogen atom, a halogen atom, a hydroxyl group or a 
protected hydroxyl group; R 3 represents an amino-protecting group or a hydrogen atom, with a compound of 
the formula (12): 



(12) 



wherein R 4 represents an amino-protecting group [or a hydrogen atom]; and A' represents one of the following 
groups: 
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XX0' xx-er" 



10 



wherein X represents NH, O or S; R 61 represents a hydrogen atom, a protected hydroxy! group, a protected 
amino group or an acetylamino group; and *2 represents an asymmetric carbon atom when R 61 is not a hy- 
drogen atom, to give a compound of the formula (3): 



15 



20 



25 



30 




(3) 



>3 ^NS0 2 R 1 



wherein R 1 , R 21 , R 3 R 4 and A' are as defined above; 

(b) reducing the resulting compound of the formula (3) to give an amino-alcohol of the formula (2): 




,^NS0 2 R 1 



(2) 



35 wherein R 1 , R 21 , R 3 R 4 and A* are as defined above, and "1 represents an asymmetric carbon atom; and 

(c) simultaneously or sequentially removing the protecting groups to give a compound of the formula (1 ). 

3. A process as claimed in claim 1 or 2, wherein R 61 is a hydrogen atom. 

40 4. A process as claimed in claim 1 , wherein in the step of claim 1 for reducing a compound of the formula (3), (6) or 

(5) to give an amino-alcohol of the formula (2), (8) or (7), characterized by that a compound of the formula (3), 

(6) or (5) is asymmetrically reduced, and that the amino-alcohol of the formula (2) and the compound of the formula 
(1) are one of its optical isomers. 

45 5. a process as claimed in claim 2 or 3, wherein in the step of claim 2 or 3 for reducing a compound of the formula 
(3) to give an amino-alcohol of the formula (2), characterized by that a compound of the formula (3) is asymmet- 
rically reduced, and that the amino-alcohol of the formula (2) and the compound of the formula (1 ) are one of its 
optical isomers. 

so 6. A process for the preparation of a compound of the formula (3): 
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>3 ^NS0 2 R 1 



(3) 



rllZ represents a lower alkyl group or a benzyl group; R2i represents a hydrogen atom, a halogen atom 

VST! 9r ° UP ° r 8 Pr ° teCted hydr0Xy ' 9r ° UP; R3 reprSSentS an amino-protecting group or a hydrogen atom £ 
represents an ammo-protecting group [or a hydrogen atom]; and A" represents one of the following groups: ' 

Tounl InrtT 5 m ° ° r S: represents a h V dro 9 en atom - « Protected hydroxy! group, a protected amino 
2 Zl acet y ,am ' no group; and *2 represents an asymmetric carbon atom when rbi is not a hydrogen atom 
which comprises reacting a compound of the formula (4): ' 



d 3^nso 2 r 1 



(4) 



wherein R1, R2i and R3 are as defined above, with a compound of the formula (12): 



H 



.A' 



(12) 



wherein R« and A' are as defined above, to give a compound of the formula (3). 
A process for the preparation of a compound of the formula (2): 




^NSOsR 1 



(2) 



wherein R1 represents a lower alkyl group or a benzyl group; R* represents a hydrogen atom, a halogen atom 
a hydroxy, group or a protected hydroxyl group; R3 represents an amino-protecting group or a hydrogen atom, S 
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represents an amino-protecting group [or a hydrogen atom]; *1 represents an asymmetric carbon atom; and A' 
represents one of the following groups: 




wherein X represents NH, O or S; R 61 represents a hydrogen atom, a protected hydroxyl group, a protected amino 
group or an acetylamino group; and *2 represents an asymmetric carbon atom when R 61 is not a hydrogen atom, 
which comprises reducing a compound of the formula (3): 




wherein R 1 , R 21 , R 3 t R 4 and A* are as defined above, to give a compound of the formula (2). 

8. A process as claimed in claim 7, wherein in the step of claim 7 for reducing a compound of the formula (3), char- 
acterized by that a compound of the formula (3) is asymmetrically reduced, and that the compound of the formula 
(2) is one of its optical isomers. 

9. A compound represented by the formula (3) or a salt thereof: 




wherein 

R 1 represents a lower alkyl group or a benzyl group; R 21 represents a hydrogen atom, a halogen atom, a 
hydroxyl group or a protected hydroxyl group; R 3 represents an amino-protecting group or a hydrogen atom; R 4 
represents an amino-protecting group [or a hydrogen atom); and A' represents one of the following groups: 



XXXf- Afi r 

wherein X represents NH, O or S; R 61 represents a hydrogen atom, a protected hydroxyl group, a protected amino 
group or an acetylamino group; and *2 represents an asymmetric carbon atom when R 61 is not a hydrogen atom. 

10. A compound represented by the formula (18) or a salt thereof: 
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wherein Ri represents a lower alkyl group or a benzyl group; R2i represents a hydrogen atom, a halogen atom 
a hydroxyl group or a protected hydroxyl group; R3 represents an amino-protecting group or a hydrogen atom- R< 
represents an amino-protecting group [or a hydrogen atom]; and B represents a hydroxyl group or a leaving group. 

11. A compound represented by the formula (19) or a salt thereof: 




wherein R1 represents a lower alkyl group or a benzyl group; R21 represents a hydrogen atom, a halogen atom 
a hydroxyl group or a protected hydroxyl group; R3 represents a hydrogen atom or an amino-protecting group- R« 
represents an amino-protecting group [or a hydrogen atom]; B represents a hydroxyl group or a leavinq qroup- 
and *1 represents an asymmetric carbon atom. 
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